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Chapter 1 



i. 

2. 



6. 



d 20,000/ft 
u = — = 

t 1(K 



mifi 



lh 



a. 



60 mip/ 
d 31 mi 



f 1.067 h 



1 mi 
5,280/ft 

0.067 h 
= 29.05 mph 



60^ 



rpin 



95 ml 



b. t = 



5,280 ft 
mi 
60 ft 



1^ 



60 mm 
lh 



= 1363.64 mph 



v 139.33 ft/s 



J 60^ 



60 mm 
0.431 s 



60s 



= 139.33 ft/s 



f Is/ 



60X " 
1 min 



60ipm 
lh 



1 mi 

5,280# 



= 40.91 mph 



9. 
10. 



MKS, CGS, °C = | (°F- 32) = - (68 -32) = - (36) =20° 
SI: K = 273.15 + °C = 273.15 +20 = 293.15 



11. 100O4 



12. 0.5 yd 



0.7378 ft - lb 



= 737.8 ft-lbs 



3jf 



13. a. 10 4 

14. a. 15 x 10 3 
e. 4.02 x 10 



12 K 
b. 10 6 



2.54 cm 

J 



45.72 cm 



c. 10 3 



b. 30 x 10" 



d. 10" 3 



c. 2.4x10" 



e. 10 



f. 10" 1 



d. 150 xlO 3 



f. 2x10 



-10 
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15. a. 4.2 x 10 3 + 48.0 x 10 3 = 52.2 x 10 3 = 5.22 x 10 4 

b. 90 x 10 3 + 360 x 10 3 = 450 x 10 3 = 4.50 x 10 5 

c. 50 x 10~ 5 - 6 x 10~ 5 = 44 x 10~ 5 = 4.4 x 10" 4 

d. 1.2 x 10 3 + 0.05 x 10 3 - 0.6 x 10 3 = 0.65 x 10 3 = 6.5 x 10 2 

16. a. (10 2 )(10 3 ) = 10 5 = 100 xl0 3 

b. (10 2 )(10 3 ) = 10 1 = 10 

c. (10 3 )(10 6 ) = 1 xlO 9 

d. (10 2 )(10 5 ) = 1 x 10" 3 

e. (10~ 6 )(10x 10 6 ) = 10 

f. (10 4 )(10 8 )(10 28 ) = 1 x 10 24 

17. a. (50 x 10 3 )(3 x 10^) = 150 x 10~' = 1.5x10* 

b. (2.2 x 10 3 )(2x 10~ 3 ) = 4.4x 10° = 4.4 

c. (82 x 10 6 )(2.8 x 10~ 6 ) = 229.6 = 2.296 x 10 2 

d. (30 x 10" 4 )(4 x 10 3 )(7 x 10 8 ) = 840 x 10 1 = 8.40 x 10 3 

18. a. 10 2 /10 4 = 10 2 = 10xl0~ 3 

b. 10 2 /10 3 = 10~ 5 = 10xl0~ 6 

c. 10 4 /10 3 = 10 7 = 10xl0 6 

d. 10 7l0 2 = 1.0xl0~ 9 

e. 10 38 /10~ 4 = 1.0xl0 42 

f. VlOO/10" 2 = lOVlO 2 = lxlO 3 

19. a. (2x 10 3 )/(8x 10~ 5 ) = 0.25 x 10 8 = 2.50 xlO 7 

b. (4 x 10 3 )/(60 x 10 4 ) = 4/60 x 10~ 7 = 0.667 x 10~ 7 = 6.67 x 10" 8 

c. (22 x 1 0 5 )/(5 x 10~ 5 ) = 22/5 x 10° = 4.4 

d. (78 x 10 18 )/(4 x 10~ 6 ) = 1.95 x 10 25 

20. a. (10 2 ) 3 = 1.0xl0 6 b. (lO^f 2 = 10.0 x 10" 3 
c. (10 4 ) 8 = 100.0 xlO 30 d. (10~ 7 ) 9 = 1.0xl0 _63 

21. a. (4 x 10 2 ) 2 = 16 x 10 4 = 1.6 xl0 5 

b. (6x 10~ 3 ) 3 = 216 x 10~ 9 = 2.16 x 10" 7 

c. (4 x 1 0 3 )(6 x 10 2 ) 2 = (4 x 10 3 )(36 x 10 4 ) = 144 x 10 1 = 1.44 x 10 3 

d. ((2 x 10 3 )(0.8 x 10 4 )(0.003 x 10 5 )) 3 = (4.8 x 10 3 ) 3 = (4.8) 3 x (10 3 ) 3 

= 110.6 x 10 9 = 1.11 x 10" 

22. a. (-10~ 3 ) 2 = 1.0xl0~ 6 

b . ggfap-i^/itf-uxir* 

10 3 

c (10 3 ) 2 (10 2 ) = (10 6 )(10 2 ) = IP 4 _ lQx 10 _ 8 
10 4 10 4 10 4 



d 0«- 10 V10- = 1.0x10" 

io~ 4 



2 
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e. 
f. 



(1 x 10^) 3 (10 2 )/10 6 = (10 12 )(10 2 )/10 6 = 10 10 /10 6 = 1.0 x 10 



16 



(\0 2 )(\Q- 2 )Y 



(io 2 ) 2 ][io- 3 ] do 4 )(io- 3 ) 10 



= 1.0 x 10 



23. 



c. 



d. 



(3X ^° ^ 4 (1 ° ^ = (9 x 10 4 )(10 2 )/(3 x 10 4 ) = (9 x 10 6 )/(3 x 10 4 ) = 3 x 10 2 = 300 



(4xl0 4 ) 2 _16xl0^ 2xl()5 ^ 00-0><10 3 



(2oy 



8xl0 J 



(6xl0 4 ) 2 36xl0 8 



(2xl0~ 2 ) 2 4xl0~ 4 

-6x1/3 



= 9.0x10 



12 



("■"^/"-l^l-Uxl^- 150.0X1.- 
2xl0 5 2xl0 5 

(4xl0 3 ) 2 (3xl0 2 ) _ (16xl0 6 )(3xl0 2 ) _ 48xl0 8 



2x10" 



2x10" 



2x10" 



24.0 x 10 



12 



(16 x 10 6 ) 1/2 (10 5 ) 5 (2 x 10~ 2 ) = (4 x 10 3 )(10 25 )(2 x 10~ 2 ) = 8 x 10 20 

= 800.0 x 10 18 



[(3 x 10~ 3 ) 3 ] [l.60 x 10 2 ] 2 [(2 x 10 2 )(8 x 10~ 4 )] 

(7xl0~ 5 ) 2 
_ (27xl0" 9 )(2.56xl0 4 )(16xl0" 2 ) 1/2 



-10 



49x10 

(69.12xl0~ 5 )(4xl0 _1 ) 276.48 xl0~ 6 



49xl0~ 10 
5.64 x 10 4 = 56.4 x 10 3 



49x10 



-10 



+3 



24. 



a. 6 x 10 3 = 0.006 x 10 



+6 



-3 



b. 4x 10~ 3 = 4000 x 10 6 



+3 



-2 



+3 



+3 



c. 50 x 1Q 5 = 5000 x 1Q 3 = 5 x 10 6 = 0.005 x 10 9 



+2 
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d. 30 x 1(T 8 = 0.0003 x 10~ 3 = 0.3 x 10~ 6 = 300 x 10" 



-5 



+3 



+3 



25. a. 



0.05 x 10° s = 50 x 10~ 3 s = 50 ms 



+3 



+3 



b. 



2000 x 10~ 6 s = 2x 10~ 3 s = 2ms 



-3 



-3 



0.04 x 10~ 3 s = 40 x 10~ 6 s = 40 
+3 

+6 



8400 x 10~ 12 s => 0.0084 x 10~ 6 s = 0.0084 jus 

-6 



e. 4 x 10~ 3 xl0 3 m = 4xl0°m = 4000 x 10~ 3 m = 4000 mm 




f. 260 x 10 3 x 10~ 3 m = 0.26 x 10 3 m = 0.26 km 



26. a. 



b. 



c. 



1.5 rpm 
0.04X 
0.05/ 
0.16;* 



-3 

" 60s 
1 mjrf' 
60p*m 

IX . 

1 //s 



= 90s 

60s 



1 tpin 



1 mm 



144 s 

= 0.05 x 10° /js = 50 x 10 3 
= 0.16 x 10 3 mm= 160 mm 



io~ if: 



4 
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e. 



1.2 x 10"V 



f. 3.62 x 10 V 



1 ns 

htVJ 

1 pirn 

. 6oy 



1.2 x 10 2 ns = 120 ns 



60 mm 



1 day 
24^ 



41.90 days 



27. a. 0.1 nF 



io' 6 r 

1^ 



lpF 



lO 12 ^ 



= 0.1 x 10~ 6 x 10 12 pF = 10 3 pF 



b. 80xlO"V 



100 cm 
lal 



= 8000 x 10~ 3 cm = 8 cm 



c. 60 cm 



d. 3.2X 



100 qm 
60 min 



lkm 
lOOOjrf 



60 x 10 s km 



_60£ 



e. 0.016 mm 



10"V 
1mm 



1 ms 

htVj 

1 // m 



11.52 x 10 6 ms 



10 jrf. 



= 0.016 x 10 J |am = 16^m 



60 co/ 



28. a. 100>ri. 



1 m 
lOOXm 



lm 
39.37>d._ 



1 m 
100/m 



-4 2 



= 60 x 10"* m 



= 2.54 m 



b. 4$ 



c. 6)& 



Yl'yA. 



4.45 N 
1^ 



lm 



39.37 K_ 



= 1.22 m 



26.7 N 



d. 60 x 10 3 dy^fes 

e. 150,000 9* 



1 X 
10 5 dyrie 

Yyd. 



es 



lib 



4.45K 



= 0.13 lb 



2.549m 



lft 



12jrf. 



= 4921.26 ft 



f. 0.002 ml 



5280^' 
lnrf 



12jrf. 



lm 



39.37^. 



= 3.22 m 
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37. d= ut- 



40. 



41. 



42. 
43. 

44. 

45. 
46. 



600 



[0.016^] 



60 jflm 



_60£" 
1 mm 



lgf 
100 pm 



345.6 m 



38. c?=86sJories 



14£f 
sjetfy 



lstep 



12 



-if 



= 1605 steps 



c/ 1605 steps _ 

— = — — = 802.5 seconds 

o 2 steps 

second 



1 minute 
60 seperffds 



= 13.38 minutes 



14 ft 

min 10.7833 min 



39. d = (86 stories) 



1204/f 



1 mile 



mile 0.228 miles 

5,280 ft 



5,280 fT 
47.30 min/mile 



0.228 miles 



5 mm 1 wiffe 

=> — 

mile 5 min 

d d 
v= — => t = — = 
t v 



1056 ft 



lptfe" 
1204 ft 



1056 



ft 



minute 
= 1.14 minutes 



distance = 86 stpries 



14 ft 
stpr^ 



1204 ft 



mm 



a. 



5f 



lBtu 
1054.35/ 



= 4.74 x 10~ 3 Btu 



b. 24 quakes 

c. 1.4 days' 

d. \y£ 



1 gallon 



128 ounces 
86,400 s 



lm j 



264. 172 gallons 



= 7.1 x KTW 



264.1 72 g^apns 
In? 3 



= 1.21 x 10 s s 

i pints 



lg^Hon 



= 2113.38 pints 



6(4 + 8) = 72 
(20 + 32)/4 = 13 
nT(8 2 + 12 2 ) = 14.42 

MODE = DEGREES: cos 50° = 0.64 
MODE = DEGREES: tan _1 (3/4) = 36.87° 



Chapter 1 



7 



47. ^(400/(6 2 +10)) =2.95 

48. 205 x 10" 6 

49. 1.20 x 10 12 

50. 6.667 x 10 6 + 0.5 x 10 6 = 7.17 x 10 5 



8 
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Chapter 2 

i. 



2. a. F= k 





(9xl0 9 )(l C)(2 C) 


r 


(lm) 2 




_ (9xl0 9 )(lC)(2C) 


r 


(3 m) 2 




(9xl0 9 )(l C)(2 C) 


r 


(10 m) 2 



= 2 x 1(TN 



0.18xl0 9 N 



... a 10 m 

d. Exponentially, — = 

Tj 1 m 



10 while ^ - 18x10' N 



F, 0.18xl0 9 N 



100 



3. a. r = 1 mi: 



1 ml 



5280 ft 
lml 



12M- 
lft 



lm 



39.37M- 



1609.35 m 



F = 



kQ x Q 2 _ (9xl0 9 )(8xl0~ 6 C)(40xl0" 6 C) _ 2880x10" 



(1609.35 m) 2 



2.59xl0 6 



= 1.11 //N 



b. r=10ft: 



10^ 



12 in< 
AW. 



1 m 



39.37 i^T. 



= 3.05 m 



£flg 2 _ 2880xlQ" 3 _ 2880xlQ" 3 
r 2 ~ (3.05 m) 2 9.30 



= 0.31 N 



4. 



c. 



Uri. 
~16~ 



lm 



39.37 kf. 



1.59 mm 



2880 xlO 3 2880 xlO 3 



r 2 (1.59 x 10 3 m) 2 2.53 xl0~ 6 



ai38.34xl0 3 N 



= 1138.34 kN 



5 . F= M^ = M = (9 X10-X20X 10-)- = mm 

F V 3.6xl0 4 
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6. 



7. 



9. 

10. 

11. 

12. 

13. 
14. 

15. 



(2 mY 



kQ x Q 2 = 4(1.8) = 7.2 



a. 
b. 



*ae 2 



7.2 



(10)' 



= 72 mN 



61/22=1/2^22 = 22! 

7.2 = £2i22 = (9 x 10 9 )(2i)(22i) = 9 x lO 9 ^ 2 ) 
7.2 



18xl0 9 



= 2i z ^2i = 



7.2 



V18xl0 9 



= 20/*: 



V= 



Q 2 = 22i = 2(2 x 10~ 5 C) = 40 //C 
W 1.2 J 



Q 0.4 mC 



= 3 kV 



W= VQ = (60 V)(8 mC) = 0.48 J 
„ W 96 J 



16V 



6C 



72 J 
K 9 V 



r 2 12 mC , 
1= — = = 4.29 mA 

t 2.8 s 



t (2X60 s) 

2 = A = (40 mA)(0.8)(60 s) = 1.92 C 
2 = It = (250 mA)(1.2)(60 s) = 18.0 C 
2 6 mC 



2 mA 



3s 



16. 21.847 x 10 18 eleptrtms 

,= e = M^ = „. 29A 

f 12s 



1C 



6.242 xl0 1!i electrons 



= 3.5 C 



17. 2 = ^ = (4mA)(90s) = 360 mC 



360 



6.242 xl0 ls electrons 
l¥ 



= 2.25 x 10 18 electrons 
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18. 



19. 



20. 



r_ Q 



86 C 



t (1.2)(60s) 

0.84 x 10 16 e>etfons 
Q _ 1.346 mC 



/ = 



60 ms 



= 1.194 A > 1 A (yes) 

" 1C 

6.242 xlO 18 eleetfons 

22.43 mA 



= 1.346 mC 



a. g = /f = (2mA)(0.01//s) = 2x 10~ n C 



2 x 10 11 ^ 



6.242 xlQ 18 elgetfons l 1 0 

1 j£ [elpetfon 

= 1.25 x 10 8 0 = $1.25 x 10 6 = 1.25 million 



b. 2 = # = (100//A)(l-5ns)=1.5x 10 -i3 c 



1.5 x 10 _1 V 
(a) > (b) 



6.242 xlO 15 elej>trf5hs 



$1 



eleptrr5n_ 



= 0.94 million 



21. g = /f = (200x 10" 3 A)(30 s) = 6 C 

W 40 J 
F= — = —= 6.67 V 

e 6c 



22. 



420 C 



(0.5j#ni) =210C 



W 742 J 
V= VL = J^±L = 3.53 V 

Q 210C 



0 4 J 

23. g= — = -^- =0.0167 C 
V 24 V 

F g 0.0167 C 

1= — = r— = 3.34 A 

f 5xl0~ 3 s 



24. 

25. 
26. 



1 _ Ah rating _ 200 Ah _ A 
?(hours) 40 h 

Ah = (0.8A)(75 h) = 60.0Ah 

. Ah rating 32 Ah 

/(hours) = = = 25 h 

/ 1.28A 
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27. 



28. 



29. 
30. 
31. 
32. 
33. 
34. 

35. 



40 Ah(for 1 h): W x = VQ = V-Lt = (12 V)(40 A)(l X) 

60 pdn 



60 Ah(for 1 h): W 2 = (12 V)(60 A)(Uf) 



lX 



60 rpfti 

\Y 

60s 



60s 



1 rnifi 
= 2.592 x 10 6 J 



1.728 x 10 J 



Ratio WilW\ = 1.5 or 50% more energy available with 60 Ah rating. 



For 60 s discharge: 40 Ah = It = I [60^ 



lh 
60m1n 



and/= 40 Ah , =2400 A 
16.67 xl0" 3 h 

60 Ah = A = /[60^3 

60 Ah 

and 7 = 



1 jjfm 
60y 



lh 
60 rjam 



= 7(16.67 x 10~ 3 h) 



= 7(16.67 x 10~ 3 h) 



= 3600 A 



16.67 xl0" 3 h 

7 2 /7! = 1.5 or 50 % more starting current available at 60 Ah 
, 3 Ah 



= 500 mA 
6.0 h 

e = 7? = (500mA)(6X) 



60 ym 



60s 
1 nam 



10.80 kC 



W= QV= (10.8 kC)(12 V) = 129.6 kJ 



= 240s 



" 60s 
1 nam 

g = 7? = (2.5 A)(240 s) = 600C 



4 rprn 



36. Q = It = (10 x 10~ 3 A)(20 s) = 200 mC 



fF= = (12.5 V)(200 x 10~ 3 C) = 2.5 J 



12 
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Chapter 3 



1. a. 0.5 in. = 500 mils 



b. 0.02 id. 



2. a. 



c. 



1000 mils 



Ufi. 



= 20 mils 



c. — in. = 0.25 jrf. 
4 



1000 mils 



250 mils 



d. 1 in. = 1000 mils 



e. 0.02/ft 



f. O.USn 



12^6. 



10 j mils 



240 mils 



l>ri. 
2.54^ 



1000 mils 



= 39.37 mils 



A CM = (30 mils) 2 = 900 CM 
b. 0.016 in. = 16 mils, A CM = (16 mils) 2 = 256 CM 
I" 



= 0.125" = 125 mils, A CM = (125 mils) 2 = 15.63 x 10 3 CM 



d. 1/m 



e. 0.02/t 



Ufa. 



2.54jdn 



12jif. 



1000 mils 

. 



393.7 mils, J C m = (393.7 mils) 2 = 155 x 10 3 CM 



1000 mils 



= 240 mils, J CM = (240 mils) 2 = 57.60 x 10 3 CM 



f. 0.0042/h 



39.37 in. 
Ua 



0.1654 in. = 165.4 mils, A CM = (165.4 mils) 2 = 27.36 x 10 3 CM 



AcM (^mils ) ~~ ^ d m \\ s yj Aq m 

a. d = V1600 CM = 40 mils = 0.04 in. 



b. d= V820 CM = 28.64 mils = 0.029 in. 

c. d= ^40,000 CM = 200 mils = 0.2 in. 
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d. d = V625CM = 25 mils = 0.025 in. 

e. d = V6.25 CM = 2.5 mils = 0.0025 in. 

f. d = VlOO CM =10 mils = 0.01 in. 

4. 0.01 in. = 10 mils, A CM = (10 mils) 2 = 100 CM 

R= p-= (10.37) (2QQ) = 20.74 Q 
J 100 CM 

5. A CM = (4 mils) 2 = 16 CM, R = p— = (9.9) ( 15Qft ) = 92.8I Q 

J 16 CM 



a. A = p- = \7 
R 



' 80' ' 



v 



= 544 CM 



2.5 Q. y 

b. d= = V544CM = 23.32 mils = 23.3 x 10 3 in. 

7. ^ = 0.03125" = 31.25 mils, Aqm = (31.25 mils) 2 = 976.56 CM 

R= pi ^ /= ^l = (2-2QX976.56CM) =3>5g ft 
7? /? 600 

1 (10.37X300') 

8. a. A cu = p— = - -=942.73 CM 

J 3.3 Q 

d = V942.73 CM = 30.70 mils = 30.7 x 10 -3 in. 

b. larger 

c. smaller 

9. a. -^silver ^ -^copper ^ -^aluminum 

b. Silver: R = p— = (9 - 9 ^ 10 ft ) = 99 { J CM = 0 mil) 2 = 1 CM 
J 1 CM 

Copper: R= p— = ( 10 - 37 X 50 ft ) = 5 19 q { j cm = (io mils) 2 = 100 CM 
A 100 CM 

Aluminum: R = p— = ( 17 X 200 ft ) = 1.36 Q {A CM = (50 mils) 2 = 2500 CM 
A 2500 CM 

RA (500Q)(94CM) „ . , , 

10. p = — = - -= 47 => nickel 

/ 1000' 
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11. 



12. 



13. 



14. 



3" = 3000 mils, 1/2" = 0.5 in. = 500 mils 
Area = (3 x 10 3 mils)(5 x 10 2 mils) = 15 x 10 5 sq. mils 
"4/^CM" 



15 x 10 5 sqmifs 
R= p 



1 sq^mll 
/ (10.37X4') 



A 19.108x10 CM 
/ (17)(4') 



= 19.108 x W CM 
= 21.71 f£l 
= 35.59 juD. 



b. R = p— = 

A 19.108xl0 5 CM 

Aluminum bus-bar has almost 64% higher resistance. 

c. increases 

d. decreases 

h = 2h,A 2 =A l l4,p 2 = pi 
Pik 

^2 _ A _ /PihA _ 2-hA _ g 

A 

andR 2 = SRi = 8(0.2 Q) = 1.6 Q 
AR= 1.6Q-0.2Q = 1.4Q 



A = 



4A 4(0.04 in. 2 ) 



4 v n V n 

dmih = 225.7 mils 

A CM = (225.7 mils) 2 = 50,940.49 CM 



= 0.2257 in. 



A 
R, 



Pi 



Pi 



A _ /P\hA _ hA 
h / 2 l 2 A hA 



(p\=pl) 



a d _ R \hA (800mQ)(300ft)(40,000CM) 
and R 2 — 



a. 



hA 
#11: 450^ 

#14: 450/ft 



(200ft)(50,940.49 CM) 



= 942.28 mQ 



1.260Q 

TooolT 

2.525 D. 
1000/ft 



= 0.567 D. 



= 1.136 Q. 



b. Resistance: #14:#11 = 1.136 fi:0.567 Q = 2:1 



c. Area: 



#14:#1 1 = 4106.8 CM:8234.0 CM 
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#8: R= 1800/ft 
#18: R= 180O4t 



0.6282 Q 
1000/ft 

6.385 Q 



1.13 a 



11.49 a 



iooo/ft 

#18:#8= 11.49 0:1.13 Q= 10.17:1 = 10:1 
#18:#8= 1624.3 CM:16,509 CM = 1:10.16 = 1:10 
(10.37)(30') 31 1.1 CM 



6mQ 6x10" 
but 110 A ^#2 



= 51,850 CM ^#3 



7? 3mD 3xl0~ 3 



A/CM = 230 A/21 1,600 CM = 1.09 mA/CM 



1.09 mA 



i gd 



71 



sq mils 



1000 mils 
1 in. 



1000 mX 
1 in. 



1.39 kA/in. 



5kA 



lin/ 
1.39 



= 3.6 in. 



in. = 0.083/in. 



2.54 cm 
]An. 



= 0.21 cm 



^^ = P.H)(0.21om) ■ 



/ = 



&4 _ (2 Q)(0.035 cm 2 ) 
p ~ 1.724 xlO" 6 



= 40,603 cm = 406.03 m 



I" 
2 



2.54 cm 



4/f 
i?= p 



1" 
12jrf. 

]4 



1.27 cm, 3jrf. 
2.54 cm 



2.54 cm 



liX- 



7.62 cm 



121.92 cm 



1^. 

j_ (1.724 xlQ- 6 )(121.92 cm) 
A (1.27cm)(7.62cm) 



21.71 i&l 



R / = (2.825x10^)021.92 cm) =3SJ9 
J (1.27 cm)(7.62cm) 
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20. 



21. 



22. 



c. increases 

d. decreases 



R s = £ = 100 ^ d = 

d 100 



250 xlO~ 6 



R = R, 



I 



w = 



100 

7? s /_(150Q)(l/2in.) 



w 



R 500 Q 

a. d = 1 in. = 1000 mils 

Jcm = (10 3 mils) 2 = 10 6 CM 

RA _ (lmQ)(10 6 CM) _ 



2.5 /Jem 



= 0.15 in. 



A 



/ 



10 3 ft 



1 CM-Q/ft 



b. 1 in. = 2.54 cm 

nd 1 71(2.54 cm) 2 



A = 



1= 1000 ft 



= 5.067 cm 2 



12 in. 
1 ft 



2.54 cm 
1 in. 



30,480 cm 



RA (lmfi)(5.067 cm 2 ) 



/ 



30,480 cm 



= 1.66 x 10" 7 Q-cm 



c. 



^ ^ = 1.66x10-? Q-cm =L66xlQ _ 7 
p x 1 CM-Q/ft 



23. 



234.5 + 10 234.5 + 80 



2Q. 



^(314.5X20) 
244.5 



24. 



25. 



236 + 0 236 + 100 



0.02 Q 



R, 



(0,02 0X336) = 
236 



C = |(°F - 32) = |(32 - 32) = 0° (=32°F) 

C= |(70-32) = 21.11° (=70°F) 
234.5° + 21.11° 234.5° + 0° 



4Q 



(234.5)(4 Q) ^ 6?Q 
255.61 
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26. 



234.5 + 30 234.5-40 



27. 



0.76 Q. R 2 
(.94.5X0.76 0) 
264.5 

243 + (-30) _ 243 + 0 
0.04 Q ^ 2 

(243X40 mQ)^ 6mn 
213 



28. a. 68°F = 20°C, 32°F = 0°C 
234.5 + 20 234.5 + 0 



0.002 R 2 
(234.5X2 mO) 
254.5 
212°F= 100 °C 
234.5 + 20 234.5 + 100 



2mQ # 2 

(334.5)(2mQ)^ 263mQ 
254.5 

b A^ = 2.63mQ-2mQ = 0 : 63mQ = 7 . 88 ^ C or 7.88 x 10 s Q/10°C 

Ar 100°C-20°C 80°C 

234.5 + 4 234.5 + t 2 
29. a. = ? 2 = 27.85°C 

in l.in 
in o.in 



30. 



K = 273.15 + °C 
50 = 273.15 + °C 
°C = -223.15° 
234.5 + 20 234.5- 



b. 



■223.15 



ion 

11.35 



254.5 



R, 



(io n) = 0.446 n 



F= -°C + 32 
5 



9 



(-273.15°) + 32 = -459.67° 



K = 273.15 + °C 
38.65 = 273.15 + °C 
°C = -234.5° 

234.5 + 20 234.5-234.5 



ion 

R 2 = 



(0)10 n 



254.5 
Recall: -234.5° = 
Inferred absolute zero 

R = on 



= on 
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31. a. « 20 = r-r-^ = = — ^— = 0.003929 = 0.00393 

7)+20°C 234.5 + 20 254.5 



b. R = R 20 [\ + a 2 o(f-20°C)] 

1 n = 0.8 Q[l + 0.00393(? - 20°)] 
1.25 = 1 + 0.00393? -0.0786 
1.25-0.9214 = 0.00393? 

0.3286 = 0.00393? 

0.00393 

32. R = R 20 [l + a 20 (t- 20°Q] 

= 0.4 Q[l + 0.00393(16 - 20)] = 0.4 Q[l - 0.01572] = 0.39 Q 

33. Table: 1000' of #12 copper wire = 1.588 D. @ 20°C 

C°= ^(F°-32)= ^(115 -32) = 46.1 1°C 

R = R 20 [l + a 20 (t -20°Q] 
= 1.588 Q[l +0.00393(46.11 -20)] 
= 1.75 Q 



34 M = ^ominai (pp M )( at) = (200)(65° - 20°) = 0.198 Q 

R = ^nominal + Aft = 22.198 Q 



35. A/? = i?nom l nal (PPM)( AT) = (100)(50° - 20°) = 0.30 Q 

10 6 10 6 

R = ^nominal + M = 100 Q + 0.30 Q = 100.30 fi 



36. 
37. 

38. #12: Area = 6529 CM 



2.54 cm 



0.205 cm 



d = V6529 CM = 80.8 mils = 0.0808 yxL 

. nd 2 ^(0.205 cm) 2 n n „ 2 

y4 = = — = 0.033 cm 

4 4 

/= ^^[0.033 cj^] = 33 kA»20 A 

39. 

40. a. 2 times larger b. 4 times larger 

41. 10kQ-3.5kQ = 6.5 kD 
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42. 



6.25 kQ and 18.75 kQ 



43. 



44. a. 560 kQ ± 5%, 560 kQ ± 28 kQ, 532 kQ <-> 588 kQ 

b. 220 Q ± 1 0%, 220 Q ± 22 Q, 198 Q <-> 242 Q 

c. 100Q±20%, 100Q±20Q, 80Q<->120Q 

45. a. 120 Q = Brown, Red, Brown, Silver 

b. 8.2 Q = Gray, Red, Gold, Silver 

c. 6.8 kQ = Blue, Gray, Red, Silver 

d. 3.3 MQ = Orange, Orange, Green, Silver 



46. 10Q±20%=>8Q-12 Q I 
15Q±20%=>12Q-18 Q 



no overlap, continuance 



47. 10Q±10%^10Q + 1 Q = 9Q-11Q 

15Q + 10%=>15Q + 1.5 Q = 13.5 Q- 16.5 Q 



48. a. 621 =62 x 10 1 Q = 620 Q = 0.62 kQ 



No overlap 



b. 333 = 33 x 10 3 Q = 33kQ 

c. Q2 = 3.9x 10 2 Q = 390Q 

d. C6 = 1.2x 10 6 Q = 1.2MQ 



49. a. G = — = — *— =8.33 mS 

R 120 Q 

b. G= = 0.25 mS 

4kQ 

c. G= = 0.46 i& 

2.2 MQ 

G a >G b >G c vs.R c >R b >R a 

50. a. Table 3.2, £1/1000' = 1.588 Q 

G= — = =629.72 mS 

R 1.588Q 

_ A 6529.9 CM (Table 3.2) ^ n ^ n 

orG= — = = 629.69 mS (Cu) 

pi (10.37)(1000') 

_ 6529.9 CM 0/A1 . 

b. G= = 384.11 mS (Al) 

(17X1000') 

_ 6529.9 CM ec 

c. G = = 88.24 mS (Fe) 

(74X1000') 
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1— 

V 

(I \ 

UJ 



A 



l-^=-^/ 2 = 

L^mA, 

G 2 = 5Gi = 5(100 S) = 500 S 



h =-z,Pi = P\ 
5 



-50°C specific resistance = 10 5 Q-cm 
50°C specific resistance = 500 Q-cm 
200°C specific resistance = 7 Q-cm 

negative 

No 




300 Q-cm (50* C) 
30 Q-cm (125-C) 



'0*C 



100-C 150'C 



P = 



AQ-cm 300-30 270 Q-cm 



AT 



125-50 



75° C 



Log scale: 10fc=>3kQ 

100fc^0.4kQ 

no — log scales imply linearity 



0.5 mA, V = 195 V 
1 mA, V = 200 V 
5 mA, V = 215 V 



= 3.6 Q-cm/°C 

b. negative 



d. 



1 kQ = 
10 kQ: 
AR 



Afc 



= 30 fc 
=> = 2fc 
lOkQ-lkQ 
30fc-2fc 



= 321.43 Q/fc 



and 



AR 
Afc 



= -321.43 Q/fc 



AF total = 215 V- 195 V = 20 V 

5 mA:0.5 mA= 10:1 

compared to 
215 V: 200 V = 1.08:1 
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i. 

2. 

3. 

4. 
5. 
6. 

7. 



F= IR = (2.5 A)(47 Q) = 117.5 V 



V 12 V 
/= — = =1.76 A 



R 6.8 D. 



„ ^ 6V 

7? = — = = 4kQ 

7 1.5mA 



12 V 



7? 40xlO~ 3 Q 



= 300 A 



V= IR = (3.6 //A)(0.02 MQ) = 0.072 V = 72 mV 



7= — = 



V 62 V 



7? 15 kQ 



= 4.13 mA 



V 120 V 
r = _ = ifr_ = 54.55 q 

7 2.2 A 



. K 120 V 

7= — = = 16 mA 

R 7.5 kQ 



V 120 V 
7?= - = ^- =28.57fi 
7 4.2 A 



V 4 5V 

10. 7?=- = — = 36Q 

7 125 mA 



11. 

12. 
13. 



R= — = 



f 24 mV 



= 1.2 kQ 



7 20 //A 
F=77? = (15 A)(0.5 Q) = 7.5 V 



F 120 V 

a. 7?=- = = 12.63 D. 

I 9.5 A 



b. 



60 mm 
IK 



60s 
1 mifi 



= 3600 s 



W = Pt= Vlt 
= (120 V)(9.5 A)(3600 s) 
= 4.1 x 10 6 J 



14. V= IR = (2.4 //A)(3.3 MQ) = 7.92 V 
15. 
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16. b. (0.13 mA)(500 h) = 65 mAh 



17. 
18. 
19. 

20. 



21. 



22. 



23. 



25. 



26. 



27. 



W 



420 J 



? 4 prfn 



" 60s " 
1 ipiii 



420 J 
240 s 



1.75 W 



640 J „ 

? = — = = 16 s 

P 40 J/s 



a. %y 



60 rpj6 



60 s 



28,800 s 



1 mkf. 

ff = ft = (2 W)(28,000 s) = 57.6 kJ 



b. kWh = 



T Q 300 C 
/= — = 



1 pain 



(2 W)(8 h) 
1000 

1 rpin 
60 s 



= 16 x 10" 3 kWh 



5 C/s = 5 A 



P = IR = (5 A) 10 Q = 250 W 



24. P= *7=(3 V)(1.4A) =4.20 W 



12 J 



P 4.2 W 
48 C 



= 2.86 s 



rpin 



1 pain 
60s 



0.8 A 

P = EI=(6 V)(0.8 A) = 4.8 W 
P = I 2 R = (7.2 mA) 2 4 kQ = 207.36 mW 



P = I l R 



240 mW 
2.2 kQ 



10.44 mA 



28. 



/ = 



2 W 



= 129.10 mA 



120 D. 

V=IR = (129.10 mA)(120 CI) = 15.49 V 
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29. 



30. 
31. 

32. 
33. 

34. 



35. 



36. 



37. 



38. 



1=—- 12V 



2.14 mA 



R 5.6 kQ 
P = I 2 R = (2. 14 mA) 2 5.6 kQ = 25.65 mW 



W=P- t = (25.65 mW) 1> 



P 324 W 
£ = - = ^^- =120V 
/ 2.7 A 



60 min" 
1)/ 



60s 
1 rpm 



= 92.34 J 



1 W 



4.7 MQ. 



461.27 M 



no 



V= 4PR = V(42 mW)(2.2 kQ) = V92.40 = 9.61 V 
P = EI=(9 V)(45 mA) = 405 mW 

P=VI,I=— = 12^L^ = 0.833 A 
K 120 V 

144.06 D. 



V 


120 V 


I 


0.833 A 


p 


450 W 


I 


3.75 A 


V 


120 V 


I 


3.75 A 



R = 

V = 
R = 

a. P = EI and / 
b 



120 V 

32 Q 



P 0.4xlO~ 3 W 



0.13 mA 



E 3 V 

Ah rating = (0. 13 mA)(500 h) = 66.5 mAh 



100 W 



= V5xl0~ 3 = 70.71 mA 



/ = 

" ' 20 kQ 

V= y/PR = 7(100 W)(20kQ) = 1.42 kV 



W=Pt = 



K R J 



t = 



12 V 



10Q y 

b. Energy doubles, power the same 



60 s = 864 J 
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39. 



12 h 



4— wedcs 
3 

1 jpefltli 



[5 months] = 260 h 



tWh- (230W)(260h) _ kwh 
1000 



40. 



kwh= ^ _ f= (1000)(kWh) = (1000)(12kWh) _ Sh 



1000 



1500 W 



41. 



kwh= (24W)(3h) =72><10 _, kwh 
1000 



(72 x 10~ 3 kWh)(90/kWh) = 0.65^ 



42. 



, kwh= _^^ p= (iooo)(kWh) = (iooo)(i2ookwh) =12QkW 



1000 



lOh 



b. /=— = 



P 120x10' W 



E 208 V 



= 576.92 A 



c. P l0St =Pi -P 0 = Pi - tjP, = Pi\ -ri)= 120 kW(l - 0.82) = 21.6 kW 
Pt (21.6kW)(10h) 



kWh l0St = 



1000 



1000 



= 216 kWh 



43. #kWh=^ = 11.11 
% 

kwh = ^ = (kwhxiooo) = (i i.i doooo) = 44A . h 



1000 



.250 



44. 



t _ (kwh)(iooo) = (ii.ii)(iooo) =2 32 h 

P 4800 
a. W=Pt = (60 W)(l h) = 60 Wh 



( 



b. W= Pt= (60 W) IX' 



60 rpin 



60 s 



mifi 



216 kWs 



c. 1 kJ = 1 Ws, .-.216 kJ 

d. ^^J60W)(lh)^ 0xl0 _ 3kWh 

1000 1000 
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45. a. P = £/=(9V)(0.455A) = 4.1 W 
E 9V 



b. R 



I 0.455 A 



19.78 SI 



c. W = Pt = (4. 1 W)(2 1,600 s) = 88.56 kJ 



6*' 



60 rain 



60s 
Trjrin 



21,600 s 



46. a. P = £7=(120 V)(100 A) = 12 kW 



746 W 



+ 3000 W + 2400 W + 1000 W 



c. 



= 10,130 < 12,000 W (Yes) 
W= Pt = (10.13 kW)(2 h) = 20.26 kWh 



(860 W)(6 h) + (4800 W)(l/2 h) + (900 W) 



47. kWh = 



20/fmi 



1 h 



60^rfm) 



+ (110 W)(3.5h) 



1000 

= 5160 Wh +2400 Wh + 300 Wh + 385 Wh 
1000 

(8.245 kWh)(90/kWh) = 74.210 



= 8.245 kWh 



(200 W)(4h) + (1200 W) 



48. kWh = 



20^jrfn 



1 h 



60rjrfn 



(70 W)(1.5h) + (150W) 



130 rpin 



V 



1 h 



60 ytim, 



1000 



800 Wh + 400 Wh + 105 Wh + 325 Wh 



1000 

(1.63 kWh)(90/kWh) = 14.670 



= 1.63 kWh 



(0.5 hfO 



49. /7=^xl00% : 
P 



746 W 



395 W 



x 100% = — x 100% = 94.43% 
395 



50. 



P - P q = (1-8#)(746W/1kQ _ 
i> ' ' 7j 0.685 

P- 1960 29 W 
P. = £1,1=5- = ^LfZJL = 16.34 A 
E 120 V 



1960.29 W 



P 746 W 746 

51. ri= -^xl00% = xl00% = xl00% =84.77% 

P- (4A)(220V) 880 
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52. a. 



Pi = EI= (120 V)(2.4 A) = 288 W 

Pi = Po + Pu*. Piost = Pi ~ Po = 288 W - 50 W = 238 



b. jf/ 0 = — x 100% = 50 W x 100% = 17.36% 
P 288 W 



53. P, - g- A =. f. 4.. w W . A 

7 7£ (0.76)(220 V) 

54. ». Pi= ft = 2M» =1(S7Jlw 

^ 0.9 

b. P, = EI= 1657.78 W 

(110 V)/= 1657.78 W 

r 1657.78 W 

7 = = 15.07 A 

110V 



c. P ,-5-gMggwM- 213 | j4 3w 

^ 0.7 

i> = £7=2131.43 W 

(110 V)7= 2131.43 W 

2131 43 W 
7= =19.38 A 

110V 



55. J ,,.5..("W)C7«W»6 . 3 „ 

?] 0.9 
/= A = 12,433.33 W =56>52A 
£ 220 V 



56. 7] T = T]\- 7J2 

0.75 = 0.85 x tj 2 
tj 2 = 0.88 

57. Tj T = ^ • ^ 2 = (0.87X0.75) = 0.6525 => 65.25% 

58. T) X = ?] 2 = .08 

7r=(»7iX72) = (0.8)(0.8) = 0.64 

7r = — => ^ 0 = ?7r ^ = (0.64)(60 J) = 38.4 J 



59. TJ T = TJi ■ 72 = 0.72 = 0.9^2 

0.72 

72 = = 0.8 => 80% 

0.9 
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60. a. r/ T = tlx ■ t] 2 • m = (0.98)(0.87)(0.21) = 0.1790 => 17.9% 

b. jit = ii x ■ ?i2 ■ rfi = (0.98)(0.87)(0.90) = 0.7673 => 76.73% 

76.73%-17.9% innn/ 

x 100% = 328.66% 

17.9% 



61. r/ T = = rjx ■ r/2 = Tlx ■ Ir/x 

772 = 2771 = 2(0.4) = 0.8 
.-. ?i2 = 40%, ?i2 = 80% 



= 2^ 



128W =0.4 
2(400 W) 
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Chapter 5 



1. a. EandRi 

b. Ri andR 2 

c. isand^i 

d. E and R u R 3 and R 4 



2. a. R T = 0.1 kQ + 0.39 kQ + 1.2 kQ = 1.69 kQ 

b. 7?r= 1.2 Q + 2.7 Q + 8.2 Q = 12.1 Q 

c. tf r =8.2kQ+ 10kQ + 9.1 kQ + 1.8 kQ + 2.7 kQ = 31.8 kQ 

d. R T = 47 Q + 820 Q + 91 Q + 1.2 kQ = 2158.0 Q 

3. a. i? r = 1.2 kQ + 1 kQ + 2.2kQ + 3.3 kQ = 7.7kQ 

b. R T = 1 kQ + 2 kQ + 3 kQ + 4.7 kQ + 6.8 kQ = 17.5 kQ 

4. a. 1 MQ 

b. 100 Q, 1 kQ 

c. i? r = 100 Q + 1 kQ + 1 MQ + 200 kQ = 1.2011 MQ vs. 1.2 MQ for part b. 



5. a. R r = 105 Q= 10Q + 33 Q + R, R = 62Q 

b. R T = 10 kQ = 2.2 kQ + R + 2J kQ + 3.3 kQ, R = 1.8 kQ 

c. R T = 138kQ = i? + 56kQ + 22kQ + 33kQ, R = 27 kQ 

d. J R r =91kQ = 24kQ + J Ri + 43kQ + 2 J R 1 = 67kQ + 3 J R,, R x = 8 kQ 
R 2 = 16 kQ 



6. a. 1.2 kQ 

b. 3.3kQ + 4.3kQ = 7.6kQ 

c. 0Q 

d. oo Q 



7. a. R T = 10 Q+ 12 Q+ 18Q = 40Q 

A= 120V =3A 
# r 40 Q 

c. Ki = /i^i = (3 A)(10 Q) = 30 V, V 2 = I 2 R 2 = (3 A)(12 Q) = 36 V, 
V 3 =I 3 R 3 = (3 A)(18Q) = 54V 

8. a. the most: R 3 , the least: Ri 

b. R 3 ,Rt= 1.2kQ + 6.8kQ + 82kQ = 90kQ 

7 S = — = = 0.5 in A 

R T 90 kQ 

c. Ki = hRi = (0.5 mA)(1.2 kQ) = 0.6 V, V 2 = I 2 R 2 = (0.5 mA)(6.8 kQ) = 3.4 V, 
V 3 = I3R3 = (0.5 mA)(82 kQ) = 41 V, results agree with part (a) 



9. a. R T = 12kQ + 4kQ + 6kQ = 22kQ 
E = IR T = (4 mA)(22 kQ) = 88 V 
b. R T = 18 Q+ 14Q + 8Q + 40Q = 80Q 
E = IR T = (250 mA)(80 Q) = 20 V 
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V 5.2 V 

10. a. a. 1= — = =4 A 

R 1.3Q 

b. £ = /tf r =(4A)(9Q) = 36 V 

c. 7? r =9Q = 4.7Q + 1.3 Q + 7?, i? = 3Q 

d. F 4 . 7 n = (4 A)(4.7 Q) = 18.8 V 
F!.3n = (4A)(1.3 Q) = 5.2V 
F 3Q = (4A)(3 Q)=12V 

b. a. I = — = = 3 mA 

R 2.2 kQ 

b. F 3 . 3k n = (3mA)(3.3kQ) = 9.9V 
E = 6.6 V + 9 V + 9.9 V = 25.5 V 

n y 9V 

c . R = — = = 3 kQ 

I 3 mA 

d. V22 k n = 6.6 V, V, kQ = 9 V, F 3 . 3 kQ = 9.9 V 

11. a. /=— = 36 V = 8.18 mA, V= -E = -(36V) =18 V 

^ 4.4 kQ 2 2 



b. tf r = 1 kQ + 2.4kQ + 5.6kQ = 9kQ 
£ 22.5 V 



R T 9kQ 



= 2.5 mA, V= 2.5 mA(2.4 kQ + 5.6 kQ) = 20 V 



c. R T = 10 kQ + 22 kQ + 33 kQ + 10 MQ = 10.065 MQ 

100V =,,94 M 
tf r 10.065 MQ 

F= (9.935 //A)(10 MQ) = 99.35 V 

12. a. 7? r = 3 kQ+ 1 kQ + 2 kQ = 6 kQ 

T E 120 V „ n 
I s = — = = 20 mA 

R T 6 kQ 

V Ri = (20 mA)(3 kQ) = 60 V 
V Ri = (20 mA)(l kQ) = 20 V 
V Ri = (20 mA)(2 kQ) = 40 V 

b. P Ri = I\R { = (20 mA) 2 • 3 kQ = 1.2 W 

p r 2 = l2 2 R i = ( 20 mA) 2 • 1 kQ = 0.4 W 
P R = I*R 3 = (20 mA) 2 • 2 kQ = 0.8 W 



c. P T = P R} +P Ri +P R} = 1.2 W + 0.4 W + 0.8 W = 2.4 W 

d. P T =EI S = (120 V)(20 mA) = 2.4 W 
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e. the same 

f. R\ - the largest 

g. dissipated 

h. 2W,R 2 : 1/2 W,R 3 : 1 W 

13. a. R T = 22Q + 10 Q + 47 Q + 3 Q = 82.0 Q 

r £ 20.5 V 

/„ = — = = 250 in A 

^ r 82.0 Q. 

V Ri = hRi = (250 mA)(22 Q) = 5.50 V 
V R2 = I 2 R 2 = (250 mA)(10 Q) = 2.50 V 
V R3 = I 3 R 3 = (250 mA)(47 Q) = 11.75 V 
V Ri = I4R4 = (250 mA)(3 Q) = 0.75 V 

b. P Ri = I^R l = (250 mA) 2 • 22 D. = 1.38 W 

7^ = / 2 2 ^ 2 = (250 mA) 2 • 10 D. = 625.00 mW 

= l 2 i R i = (250 mA) 2 • 47 D. = 2.94 W 
P Rt = I 2 A R A = (250 mA) 2 - 3Q = 187.50 mW 

c. P T = P Rl + P Rl + P R} + P R4 = 1.38 W + 625.00 mW + 2.94 W+ 187.50 mW = 5.13 W 

d. P = EI S = (20.5 V)(250mA) = 5.13 W 

e. the same 

f. 47 D. - the largest 

g. dissipated 

h. R x : 2 W; R 2 : 1/2 W, R 3 : 5 W, R 4 : 1/2 W 

14. a. P = 21 W = (1 A) 2 -R, R = 21Q 

V\ = hR x = (1 A)(2 D) = 2V, V 2 = I 2 R 2 = (1 A)(l Q) = 1 V 

V 3 =I 3 R 3 = (l A)(21 Q) = 21 V 

£ , = F 1 + F 2 +F 3 = 2V+1V + 21V = 24V 

b. P = 4 W = / 2 -l = V4 =2 A 

P = 8W = /iJ, = (2 A) 2 7?i, = 2 Q 

i? r = 16Q = 2Q + 7? 2 + 1 Q = 3Q + i? 2 , = 13 Q 

£ , = « r =(2A)(16Q) = 32 V 
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15. a. R T = NRi = 81 28- Q. I = 225 Q. 



. E 120 V 

1= — = = 0.53 A 

R T 225 Q. 



b. P = I 2 R = 



15 J l 8 J Up?A 8 
15 A * 



= 8 W 



I /A' I^aY^Q| = 15V 



d. All go out! 



16. Ps = P R+ P R2+ P R} 

EI = I% +I 2 R 2 + 24 
(R 1 +R 2 )I 2 -E-I + 24 = 0 
6/ 2 - 24 7+ 24 = 0 
/ 2 _4/ + 4 = 0 

7 _ -(-4)±V(-4) 2 -4(l)(4) = 4±Vl6-16 = 4 _ 2A 

2(1) 2 2 

, 24 D. 
P = 24 W = (2 A) 2 tf, 7f = = 6 Q 



17. a. F afi = -4V-8 V+ 12V = 0V 

b. V ab = -4 V - 8 V + 6 V = -6 V 

c. ^ = -10 V+ 18 V-6 V+ 12 V = 14V 

18. a. E T = 16 V-4V-8V = 4 V,7= = 388.35 mA (CCW) 

10.3Q 

b. £ r = 18 V- 12 V-4 V = 2 V,7= =173.91 mA (CW) 

11.5Q 

19. a. P=8mW = 7 2 tf,tf=^ = -^=2kn 

7 2 (2 mA) 2 

p 20 V - F 

7= — = = 2mA(CW), £=10 V 

tf r 3kQ + 2kQ 

b. 7= = 8mA,7f = — = i^X. =l.5kn 
2 kQ 7 8 mA 

/ __g._E-4V-10V_g z 14V_ 

7? r 2kn + 1.5kn 3.5 kQ 

£ = 42 V 
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20. a. +10 V + 4V-3 V- V=0 
V= 14 V-3 V=ll V 



b. +30 V + 20 V-8 V- V=0 
V=50 V-8 V = 42 V 

c. +16 V- 10 V-4 V- V+60 V = 0 
V=76 V- 14 V = 62 V 

21. a. +60 V- 12 V- V-20 V = 0 

F=60 V-32 V = 28 V 

b. +£'-14V-6V-2V+18V = 0 
£ = 22 V- 18 V = 4 V 

22. a. +10V-F 2 = 0 

F 2 = 10 V 
+10 V-6 V- Vi = 0 

Ki = 4 V 
b. +24 V- 10 V- Vi = 0 

Vi = 14 V 
+10 V - F 2 + 8 V = 0 

F 2 = 18 V 

23. a. +20 V- Ki- 10 V- 1 V = 0, V x = 9 V 

+10 V-2 V- F 2 = 0, F 2 = 8V 

b. +10V-F! + 6V-2V-3V = 0, Fi = llV 
+10 V- V 2 -3 V = 0, F 2 = 7V 



24. jV.jgX.ft.'MVX^'MWn 
2fi S 2 IV 

iv = ioov (ioovx2n) . 2Mn 

2Q i? 3 IV 



25. a. 8.2 kD 

b. F 3 : V 2 = 8.2 kQ:l kQ = 8.2:1 
F 3 : Ki = 8.2 kQ: 100 fi = 82:1 

c. F 3 =M = (8-2kQ)(60V) =5290y 

tf r 0.1kQ + lkQ + 8.2kQ 
d p _ (* 2 + R 3 )E = (1 + 8.2 kQ)(60 V) _ 59 35 y 
R T 9.3 kD. 
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26. a. r- 4 ° n(30V) -20 V 

40 Q + 20 Q 

b Jr _ (2 kQ + 3 kQ)(40 V) = (5 kQ)(40 V) _ 2Q y 
4kQ + lkQ+ 2kQ+ 3kQ 10 kQ 

(1.5Q + 0.6Q + 0.9Q)(0.72 V) _ (3 Q)(0.72 V) _ 036V 
(2.5Q + 1.5Q + 0.6Q + 0.9Q + 0.5D)" 6 kQ " 

27 . a . iL.j»X, F ,-<«"X20V). <tv 

6Q 2Q 2Q 

—1— — — y 2 = i 1 

= 40 V 

4Q 2Q 2Q 

£ = V\ + 20 V + V 2 = 60 V + 20 V + 40 V = 120 V 

b. 120 V- Ki-80 V = 0, Fi = 40V 
80 V- 10 V- V 3 = 0, V 3 = 70 V 

c 1000 V = V 2 v _ 2Q(1000V) _ 20y 
100Q 2Q' 2 100Q 

looo v = ^ v _ lnqooov) _ 10v 
100Q in' 1 100Q 
£ = Ki + V 2 + 1000 V = 10 V + 20 V + 1000 V = 1030 V 

d. 16 V- Ki-6V = 0, ^ = 10 V 
2 

28. ^^Ji-^ 2 = 2kQ(2V) =4V 
lkQ 2kQ lkQ 

F4 = — - — - = 6 V 



lkD 3kn lkQ 



2V 

/= =2 mA 

lkQ 

£" = 2V + 4V+12V + 6V = 24V 
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29 . , 4V- " (2 ° V) ■ R-lJtia 
2kQ + 6kQ 

b. ioov= (6Q + ^ 40v 

3Q+6Q+R 
300 Q + 600 Q + 1007? = 840 Q + 140 R 
1407? - 1007? = - 840 n + 900 D. 
407? = 60 n 

7?=^=1.5Q 
40 

ion 20Q ion 

b. V 3 =E- Vi- F 2 = 40V-4 V-8 V = 28V 

JtV = 28V^ (2 8 v)coa)^ 70n 

ion 7?3 4 V 

8 V 

31. a. 7? bu i b = = 160n 

50 mA 

V hulb = 8 V = i?bulb(12V) = 160 Q ( 12V ) ^ = 80 Q in series with the bulb 

160n + i? x 

b. F«=12V-8V = 4V, J P= — = = 0.2 W, .".1/4 W okay 

7? 80 n J 

32. + V Ri = 72 V 

-F» +F„ =72V 
5 



5 



72 V 

= 72 V, V R = = 60 V 

Rl 1.2 



7? 2 =^ = ^=15kQ, ^ i= ^ = 72V-60V =i 2V =3kn 
I R 4 mA 7 fl 4 mA 4 mA 



33. 7? r = 7? 1 +7?2 + 7? 3 = 27?3 + 77?3+7? 3 = 107? 
_ 7? 3 (60V) 



F *3 = inp = 6V > ^ = 2 ^ =2(6V) = 12V, ^ =7F, 3 = 7(6 V) = 42 V 
107? 3 

34. a. V h =AV Ri =4(3^) = 12F fli 

64 V 

£= F„ +3F„ +12F„ .•.7? r =7? 1 + 37? 1 + 127?! = 167?! = = 6.4 kn 

1 1 1 10mA 

7?i = 6-4 kQ = 400 n, 7? 2 = 37?! = 1.2 kn, 7? 3 = 127?i = 4.8 kn 
16 
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64 V 6 4 MQ 

b. R T = = 6.4 MQ, Ri = - = 400 kQ, R 2 = 1.2 MO, R 3 = 4.8 MQ 

10 /jA 16 

7, 10 mA tn , , R; 400 kQ , . 

— = = 10 and — = = 10 also 

/' 10 juA R l 400 Q 

35. a. V a = +12 V-8 V = 4 V b. V a = 20 V - 6 V = 14 V 

r 6 = -8 V F 6 = +4 V 

F flfi = r a -7* = 4V-(-8V)=12V ^=K fl -n=14V-4V = 10V 

c. F fl = +10V + 3 V = 13 V 
V b = +6 V 

r a6 =K a -n=13V-6V = 7V 

36. a. /(CW)= 8QV - 26V =^=6A 

6Q + 3Q 9Q 

F=77? = (6A)(3 Q) = 18V 

b. /(CW)^ 70V -'° V -«°X-1A 
10Q + 20Q + 30Q 60Q 

F=77? = (l A)(10Q) = 10 V 

37. a. /. i«X-4V.12V 

10Q + 20Q 30Q 
V a = 16 V - 7(10 Q) = 16 V - (0.4 A)(10 Q) = 16 V - 4 V = 12 V 
V x = IR = (OA A)(20 Q) = 8V 

T 12V + 10V + 8V 30V e Aec A 

b. 7= = = 5.455 mA 

2.2kQ + 3.3kQ 5.5kQ 

V a = 12 V- 7(2.2 kQ) + 10 V 

= 12 V - (5.455 mA)(2.2 kQ) + 10 V 

= 12V- 12 V+ 10 V = 10V 
Vi = 7(2.2 kQ) = (5.455 mA)(2.2 kQ) = 12 V 

47V-20V 27V 

38. 7= = = 3mA(CCW) 

2kQ + 3kQ + 4kQ 9kQ 

^2kn = 6V, F 3k£1 = 9V, V 4kn = 12 V 

a. F fl = 20 V, K 6 = 20 V + 6 V = 26 V, V c = 20 V + 6 V + 9 V = 35 V 
V d = -\2 V, V e = 0 V 

b. F afi = -6V, F, C = -47V, F ci = 9V 

c. F ffC = -15 V, V db = -41 V + 9 V = -38 V 
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39. _ !V±4V_8V »i _ 12V-4V_»V 

8 Q 8 Q 7 1 A 1A 

^ = 8V-4V = 4V =4n 
/ 1 A 1A 



40. V Ri =48 V- 12 V = 36 V 

Vr 36 V 
Rl = _1^ = ^L = 2 .2 5 kQ 

/ 16mA 
^ = 12 V - 0 V = 12 V 

^ 3 = !k = _^Z_ =0.75kQ 
7 16mA 

^ =20v 

20 V 
/ 16mA 

«] «2 « 3 « 4 

= 100 V - 36 V - 12 V - 20 V = 32 V 
32 V 
/ 16mA 

44V-20V 24V „ * 

41. 7= = =2mA(CW) 

2kQ + 4kQ + 6kQ 12kQ 

V 2kn =IR = (2 mA)(2 kQ) = 4 V 
^4kn =IR = (2 mA)(4 kQ) = 8 V 
F 6kn =IR = (2 mA)(6 kQ) = 12 V 

a. F a = 44 V, F 6 = 44 V - 4 V = 40 V, V c = 44 V - 4 V - 8 V = 32 V 
V d = 20 V 

b. ^ = F 2kn = 4V,^ = - r 4kn = -8 V 
P«j = V 6kn = 12 V 

c F arf = V a - V d = 44 V-20 V = 24 V 
V ca = V c - V a = 32 V - 44 V = -12 V 

42. V 0 = 0 V 

F 4 = -12 V + 2 V = 0, V A = +10 V 
V 7 = 4 V 
Kio = 20 V 
F 23 = +6 V 
F 30 = -8 V 
V 61 = 0 V 
^56 = -6 V 

4Q 4Q 4Q 
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43. V Q = 0 V, V 03 =V 0 -V 3 = 0V,V 2 = (2 mA)(3 kQ. + 1 k£2) = (2 mA)(4 k£2) = 8 V 
V 2 3 = V 2 - Vi = 8 V - 0 V = 8 V, V 12 = 20 V - 8 V = 12 V, 

TJi = U 0 =^> /, • = 2 mA + 5 mA + 10 mA = 17 mA 

44. a. = 7x7?! = (2 A)(28 Q) = 56 V 

Fi„ t = 60 V - 56 V = 4 V 
v. 4 V 

/ 2A 

b. VR = Vnl ~ Vfl x 100% = 60V " 56V x 100% = 7.14% 

V FL 56 V 

45. a. V L = 3 - 3Q(12V ^ = 11.82 V 

3.3 Q + 0.05 Q 

b . FT? = x 100% = 12V " 1L82V x 100% = 1.52% 

V FL 11.82 V 



J T 1L82V a«A 

L = I L = = 3.58 A 

3.3 D. 

P s = El s = (12 V)(3.58 A) = 42.96 W 
Pint = I 2 Rmt = (3.58 A) 2 0.05 D. = 0.64 W 



46. a. /= — = = = 1.2 mA 

i? r 2kQ + 8kQ lOkQ 



J E 12V 12V 1 1T A 

/= — = = = 1.17 mA 

R T 10kQ + 0.25kQ 10.25 kQ 



c. not for most applications. 
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1. a. R 2 andRi 

b. E and R 3 

c. E and R\ 

d. R 2 , R 3 and R 4 

e. R\, R 2 , R3, and 

f. E,R U R 2 , and R 3 

g. and R?, 

2. a. and R4, R 5 and i?6 
b. EandRx 



(9.1QV18Q) ^ nMn 
3. a. R T = = 6.04Q 



b. Ri 



9.1Q + 18Q 

1 1 



1 + ^L + _ 1 1 xl(T 3 S + 0.5 xl(T 3 S + 0.333 xl(T 3 S 



lkQ 2 kQ 3 kQ 
1 



545.55 Q 



C. i?T 



1.833xl0~ 3 S 

1 1 1 



1 | 1 | 1 10xl0~ 3 S + lxl0~ 3 S + 0.1xl0~ 3 S 1 1.1x10 3 S 
100 Q lkQ 10 kQ 

= 90.09 Q 

(6ki2)(6JVK2) _ 5 wb£1 
6 kQ + 6 MQ 



„, 22 Q „ ^ n 10 Q 

C. ^ = = 5 - 5 Q R T" = = 5 Q 

5.5Q + 5Q 



1 



1 1 1 1 1 1000xlO~ 3 S + lxlO~ 3 S + 0.001xlO~ 3 S 
1 Q 1 kQ 1 MQ 

! = 0.99 fi 



1001.001xlO~ 3 S 



a. R T = 



1 | 1 | 1 lxl0~ 3 S + 0.833xl0~ 3 S + 3.333xl0~ 3 S 



lkQ 1.2 kQ 0.3 kQ 
1 193.57 Q 



5.166xlO~ 3 S 
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1 

l l l ~T~ 

lkQ 1.2 kQ 2.2 kQ lkQ 



1 



1 x 10 j S + 0.833 x 10 3 S + 0.455 x 10 J S + 1 x 10 J S 



.-3 c 



1 



3.288 xlO~ 3 S 



304.14 Q 



r t = i.6 n = 



3Q||6Q = 2Q 
(2QXg) 

2D. + R 



R = SQ. 



b. R' T = — = 2kQ 



1.8 kQ = 
10kQ = 



Rf 
Rf 

R T = 628.93 Q = 



(2 kQ)0R) 
2kQ + tf ' 
(20 k£l)(R) 
20kQ + 7? 



R = 18 kQ 
7? = 20 kQ 



1 



1 



1 



1.2kQ + ^ + 2.2kQ 



833.33xl0~ 3 S+- + 454.55xl0~ 3 S 
R 



628.93 Q 



811 

R = 

1-811.32x10 

R' = R\ II -^2 



R 



3.3 kQ 



2 3 2 



i? r = 1.6 kQ = 









R'R 3 


V 2 J 


(f 


R' + R 3 


2 2 



= 4(1.6 kQ) = 6.4 kQ = i? 2 



6.4 kQ 
7? 3 = = 3.2 kQ 



a. 
b. 



1.2 kQ 
about 1 kQ 



c. R T = 



1 



1 1 1 1 

1.2 kQ 22 kQ 220 kQ 2.2 MQ 



1 



833.333 x 10 6 S + 45.455 x 10 6 S + 4.545 x 10 6 S + 0.455 x 10 6 S 
1 



= 1.131 kQ 



883.788 xlO~ 6 S 
d. 220 kQ, 2.2 MQ: R T = ( L2 kQ)(22kQ) = u 3g RQ 



1.2kQ + 22kQ 



Rt reduced. 



40 



Chapter 6 



7. 



a. 

2ft + 8ft 



b. 

c. 



oo Q 
co ft 



Rt — 



1 



1 



1 



1 1 1 

+ + 

4Q 2ft 10ft 



0.25 S + 0.50 S + 0.10 S 0.85 S 



= 1.18 ft 



— - — + — + — 
^3 



i 



ill, 

-+ — +— = i 



20 ft 7?! 5R X Ri_ 
2 

and Ri = 3.2(20 ft) = 64 ft 

tf 2 = 57?i = 5(64 ft) = 320 ft 

tf 3 =I* 1= ^=32ft 
2 1 2 



1 


1 


1 


+ 2 


1 


= 3.2 


1 


+ — 




5 













9. 



24 ft II 24 ft = 12 ft 



R T ~ R t 12 ft 120 ft 



1 1 

- + - 



0.1 S = — + 0.08333 S + 0.00833 S 
R, 



0.1 S = — + 0.09167 S 

— = 0.1 S - 0.09167 S = 0.00833 S 

Ri = = 120 ft 

0.00833 S 



10. 



(8QX24Q) 
8ft + 24ft 

b. ^ = = 36 V 

c. L = — = = 6 A 



Rt 



6ft 



Vr 36 V 



4 = 



i?, 8ft 

V Rl = 36 V 
^ 2 24 ft 



= 1.5 A 



I s = h+h 

6 A = 4.5 A + 1.5 A = 6 A (checks) 
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11. a. R T = — : r 5— = " 

1 I 1 I 1 0.333S + 0.111S + 0.028S 

3Q 9Q 36 Q 
1 = 2.12Q 



472xlO~ 3 S 



12. a. R 



b. F„ = V R =V R =18V 

. £ 18V 

c. I s = — = = 8.5 A 

' R T 2.12 n 

Vr 18 V ^ 18 V Vr 18 V 

7?, 3D tf 2 9Q ii 3 36D 

d. I s = 8.5 A = 6 A + 2 A + 0.5 A = 8.5 A (checks) 

1 1 



1 i 1 i 1 100 xl(T 6 S + 833.333 xl0~ 6 S + 147.059xl0~ 6 S 
10 kQ 1.2 kQ 6.8 kQ 

1 925.93 Q 



1.080xlO" 3 S 



b- V R =V R =V R =24V 



24 V 

25.92 mA 



' R T 925.93 Q 

T V *2 24 V *>A A 1 24V in A 

/„ = — 2 - = = 2.4 mA, /„ = — - = = 20 mA, 

R < R t lOkQ * 2 R 2 1.2 kQ 

V R 24 V 
I R = — - = = 3.53 mA 

3 R 3 6.8 kQ 

d. I T = 25.92 mA = 2.4 mA + 20 mA + 3.53 mA = 25.93 mA (checks) 

13. a. R T =\kQ. 

b. R T = ' 



1111 

+ + + - 



lOkQ 22kQ 1.2kQ 56kQ 

1 



100 xlO~ 6 S + 45.46 xlO~ b S + 833.333 xlO^S + 17.86xlO^S 

= t— = 1.003 kQ, very close 

996.65xl0~ 6 S 

c. Ij the most, I 4 the least 

V R 44 V V R 44 V 

d. In = — — = = 4.4 mA, /_ = = = 2 mA 

1 R x 10 kQ 2 R 2 22 kQ 

I K = — = 44 V = 36.67 mA, /„ = ^ = -^ 4 -^- = 0.79 mA 
3 R 3 1.2 kQ 4 R 4 56 kQ 
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14. 



E 44 V 

e. /, = — = = 43.87 mA 

R T 1.003 kQ 

I s = 43.87 mA = 4.4 mA + 2 mA + 36.67 mA + 0.79 mA = 43.86 mA (checks) 

f. always greater 



15. R' T = 3D. \\6D. = 2D.,R T = R' T \\ R 3 = 2 D.\\2 D.= \ D. 

w __s_i2v_ UA 

R T 1Q 

1 R l 3 Q 
I" = I'- I R = 12A-4 A = 8A 
V =E= 12 V 

(2onxio-8A). tA 

20Q + 4Q 

£ = y Ri = I 3 R 3 = (9 A)(4 Q) = 36 V 

I Ri = 12.3 A - 10.8 A = 1.5 A 

V R 36 V 
R\ = — ^- = _____ =24Q 
/j, 1.5 A 



17. a. R T =2QQ. || 5Q = 4Q 

A___Z_ 7 . 5A 

' R T 4Q 

CDR: h = 5QIs = -(7.5 A) = 1.5 A 
5Q + 20Q 5 



10 || 10kQ = 5kQ 

R T = lkQ||5kQ = 0.833 kQ 

/,= — = 8V =9.6 mA 

' R T 0.833 kQ 

R' T = 10 kQ || 1 kQ = 0.9091 kQ 

(0.9091 kQ)(9.6mA) 8.727 mA 

= 0.8 mA 



R' T + l0kQ. 0.9091 kQ + 10 kQ 10.9091 

24 V — 8V 16V 

18. a. 7= = =4mA 

4 kQ 4 kQ 

b. V=24V 

24 V 24 V 

c. E= +4mA+ = 2.4 mA + 4 mA + 12 mA = 18.4 mA 

10 kQ 2kQ 
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1 I 1 I 1 1000xl(T 6 S + 30.303xl(r 6 S + 121.951 xl(T 6 S 
lkQ 33 kn 8.2 kn 

867.86 Q 



1.152xlO~ 3 S 

= — - = = 100 mA, I„ = — 2 - = 

R x lkQ 2 R 2 33 kn 



V R 100 V 
/„ = - A. = = 12.2 mA 

3 7? 3 8.2 kQ 

^ = Pr, = ( 10 ° V)(100 mA) = 10 W 
p r 2 = v r 2 • i r 2 = ( 10 ° V)(3.03 mA) = 0.30 W 
p r 3 = v r 3 - j r 3 = ( 10 ° V)(12.2 mA) = 1.22 W 
E 100V 



R T 867.86 Q 



115.23 mA 



P s = EJ S = (100 V)(l 15.23 mA) = 11.52 W 

P, = 11.52 W = 10 W + 0.30 W + 1.22 W = 11.52 W (checks) 

Ri = the smallest parallel resistor 

£ 120 V 

7buib = = = 66.667 mA 

^ b ui b 1-8 kn 

^ 1.8 kQ ,„ _ 
R T = — = =225n 

N 8 

A= 120V A 
tf r 225 n 

p- ^ 2 _ d20V) 2 _ 9W 

7? 1.8 kn 
P s = 8(8 W) = 64 W 
none, I s drops by 66.667 mA 



1 



1 + ^_ + 1 200xlO~ 3 S + 100xlO~ 3 S + 50xlO~ 3 S 



5n ion 20 n 
l 



350xlO~ 3 S 
E 60 V 



R T 2.86 n 



= 2.86n 
= 20.98 A 



E ■ I s = (60 V)(20.98 A) = 1.26 kW 
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600 W 

22. a. i > i = 10(60W) = 600W = £-/i = 120V-/i,/i= =5A 

120V 

400 W 

P 2 = 400 W = 120 V- 1 2 , I 2 = = 3.33 A 

120 V 

200 W 

Pi = 200 W = 120 V- 7 3 , 7 3 = =1.67 A 

120 V 

now 

7> 4 = 110 W = 120 V • U , h= = 0.92 A 

120 V 

b. 7, = 5 A + 3.33 A + 1.67 A + 0.92 A = 10.92 A (no) 

c . Jer .£.JMV.. 1M , Q 

I s 10.92 A 

d. P S = E -7, = (120 V)(10.92 A)= 1.31 kW 

P s = 1.31 kW = 600 W + 400 W + 200 W + 1 10 W = 1.31 kW (the same) 

23. a. 8Q || 12Q = 4.8Q, 4.8 Q || 4 Q = 2.182 Q 

T 24V + 8V 

h = = 14.67 A 

2.182 Q 

^ = (24V + 8V)' =256W 
R 4D 

c. 7 2 = /i = 14.67A 

24. 7j = 12.6 mA- 8.5 mA = 4.1mA 
7 2 = 8.5 mA - 4 mA = 4.5 mA 

25. a. 9 A + 2 A + 7[ = 12 A, 7 1 = 12A-11A = 1A 

7 2 +lA=lA + 3A, 7 2 = 4A-1A = 3A 
b. 6A = 2A + 7 b 7i = 6A-2A = 4A 

4 A + 5 A = 7 2 , 7 2 = 9 A 

9A = 7 3 + 3A, 7 3 = 9A-3A = 6A 
3 A + 10A = 7 4 , 7 4 = 13 A 

26. a. 7i + 5 mA = 8 mA, I { = 3 mA 

5 mA = 7 2 + 3.5 mA, 7 2 = 1.5 mA 
Ii = 3 mA = 7 3 + 1 mA, 7 3 = 2 mA 
7 4 = 5 mA 

b. 7 3 = 1.5 //A + 0.5 //A = 2.0 //A 

6 /jA = I 2 + h = h + 2 juA, I 2 = 4juA 

h + 1 .5 juA = 7 4 , 7 4 = 4 juA + 1 .5 juA = 5.5 juA 
7i = 6 fjA 
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27. I R = 5 mA - 2 mA = 3 mA 

E=V Ri = (3 mA)(4 kQ) = 12 V 

?h 12 V 12 V 

R\ = — — = = = 3 kQ 

I Ri (9 mA- 5 mA) 4 mA 

R3 = — - = = 6 kQ 

I R 2 mA 

E 12 V 
7?r = — = = 1.33 kQ 

I T 9 mA 



28. a. ft-l.^X-sO 
I x 2A 

I 2 = I-Ii = 3 A-2A = 1 A 
7 2 1A 



b. E = / 1 i? 1 = (2A)(6Q) = 12V 

£ 12 V 

7 2 = — = = 1.33 A 

R 2 9Q 

7 3 = ^ = 12W=1A 

K 12V 

E 12V 

/? ;, - = 12 Q 

7 3 1A 

I = h+h + h = 2A+ 1.33A + 1 A = 4.33 A 

c. h = = 64 mA 

lkQ 

1 64V 1* A 

h = = 16 mA 

4kQ 

I s = h+I 2 + h 

h = Is ~ h ~ h = 100 mA - 64 mA - 16 mA = 20 mA 

7 2 20 mA 
7 = ^2 + ^3 = 20 mA + 16 mA = 36 mA 
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V 2 

d. P = -!- => V x = JPR^ = V(30W)(30Q) = 30 V 
7?j 

E = V x = 30 V 

/ 1= A = 3ov =1A 

7?! 30 Q 

Because 7? 3 = R 2 , h = h, and I s = I\+ 1 2 + h = I\ + 2I 2 

2 A = 1 A + 27 2 

/ 2 = ^-(1 A) = 0.5 A 

h = 0.5 A 

I 2 0.5A 
= 7 2^2 = (°- 5 A ) 2 • 60 Q = 15 W 

29. 7 2 = -^-7, = -7, = 2 A 
12Q 3 

4Q 

h = 7, = 27, = 12 A 

4 Q -7j = — ^ =0.6 A 



40 Q. 10 

7 r = 7i + 7 2 + h + h = 6 A + 2 A + 12 A + 0.6 A = 20.6 A 

T 8kQ(20mA) „ 

30. a. Ii = = 16 mA 

2kfi + 8kQ 

7 2 = 20 mA - 16 mA = 4 mA 
b. R T = 1 ' 



1 + 1 + 1 454.55 x 10 6 S + 833.33 x 10 6 S + 5000 x 10 6 S 

2.2 kQ 1.2 kQ 0.2 kQ 

1 159.03 Q 



6,288 xlO~ 6 S 

R T 159.03 Q. 

I X =^I, h= (18 mA) = 1.30 mA 

R x 2.2kQ V ' 

= 159.03 Q = 2 J9 mA 

1.2 kQ 

= 159.03 Q = mA 

0.2kQ 
7 4 = 18 mA 
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R T = ! = 1 

J_ J_ _J_ 250 x 10 3 S + 125 x 10 3 S + 83.333 x 10 3 S 
4Q 8Q 12Q 

' 2.18Q 



458.333 xl0~ 3 



Rf j j 2.18 L2 _ __ . 

I x = —I, Ii= (6 A) = 3.27 A 

R x 4Q K J 

2 18Q 

7 2 = (6 A) = 1.64 A 

8Q 

2 18Q 

7 3 = — ^- (6 A) = 1.09 A 

12Q 

7 4 = 6 A 

20Q + 10Q 

7 3 = 9A-/i = 9A-6A = 3A 

7 4 = 9 A 

31. a. 7i=— (10 A) = 9 A 
10 

/ 9 A 

b. 7i/7 2 = 10 Q/l Q = 10, h=— = =0.9 A 

10 10 

c. 7i/7 3 = 1 kQ/1 D. = 1000, 7 3 = VI 000 = 9 A/1000 = 9 mA 

d. 7i/7 4 = 100 kfi/1 D. = 100,000, 7 4 = 7^100,000 = 9 A/100,000 = 90 //A 

e. very little effect, 1/100,000 

f. R T ~ ' 



1 1 1 1 

in ion ikn iookn 
l 

1S + 0.1S + 1x10~ 3 S + 10xl0" 6 S 

1 



= 0.91 n 



1.10 s 

it 1 ' h = Tn^ (1 ° A) = 91 A excellent (9 A) 



°' 91 ° (10 A) = 0.91 A excellent (0.9 A) 



ion 

o.9i n 
ikn 



(10 A) = 9.1 mA excellent (9 mA) 



i. 7 4 = ^^ (10 A) = 91 /iA excellent (90 //A) 
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2D, I 

32. a. CDR: 7 6n = = 1 A 

2Q + 6Q 

2Q 

J,=/-1A = 3A 

b. / 3 =/=7//A 

By inspection: / 2 = 2 

7i = /- 2(2 //A) = 7 //A - 4 //A = 3 juA 
V R = (2 //A)(9 Q)= 18//V 

7^ 3 //A 



33. a. 7? = 3(2 kfi) = 6 

r 6kQ(32mA) _ 4 

b. 7i = 1 = 24 mA 

6 kQ + 2 kQ 

7, 24 mA „ 
I 2 = — = = 8 mA 

3 3 



34. 84 mA = h + 7 2 + 7 3 = h + 2I X + 27 2 = h + 2I X + 2(270 

84 mA = 7] + 27] + 47! = 77! 

84 mA ,„ . 

and7i = = 12 mA 

7 

7 2 = 27[ =2(12 mA) = 24 mA 
h = 27 2 = 2(24 mA) = 48 mA 
V R 24 V 
7, 12 mA 

P» 24 V 

7 2 24 mA 

V R 24 V 
i? 3 = — = =0.5kQ 

7 3 48 mA 



35. a. P L = VJ L 

72 W = 12 V • I L 

j 72W A A 
I L = = 6 A 

12V 

I, 6 A 

/i = 7 2 = — = = 3A 

2 2 



b. Psource = EI = (\2 V)(3 A) = 36 W 

c. P Sj +P Si = 36 W + 36 W = 72 W (the same) 

d. /drain = 6 A (twice as much) 
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36. i? r =8Q||56Q = 7Q 

R T 7Q 
h= |/ 2 =|(1.71 A) =0.86 A 



16 V 

37. / 8n = =2 A, 7=5A-2A=3A 

8Q 

7« = 5A + 3A = 8A, R=^- = — = 2 fi 

7, 8A 



7± 12 V 12 V 

38. a. 7 S =— = — = 1Z V = 1.188 in A 

# r O.lkQ + lOkQ 10.1 kQ 

V L = I S R L = (1.19 mA)(10 kQ) = 11.90 V 
12 V 

b. 7 S = = 120 mA 

100 Q 

c. V L = E=12V 

39. a. V L - 47 gg3 = ^1X-M3V 

4.7kQ + 2.2kQ 6.9 

b. K/. = £ = 9 V 

c. Fi = 7i = 9V 

20 V 

40. a. 7j = = 5 A, 7 2 = 0 A 

4Q 

b. Vi = 0 V, F 2 = 20 V 

c. 7? = 7] = 5 A 

41. a. r,- 22kO < 20V > - 16.48 V 

22kQ + 4.7kQ 

b. R' T = 11 MQ || 22 kQ = 21.956 kQ 

21.956kQ(20V) „ „ v . , + n 

F 2 = — = 16.47 V (very close to ideal) 

21.956kQ + 4.7kQ 

c. R m = 20 V[20,000 Q/V] = 400 kQ 
R' T = 400 kQ || 22 kQ = 20.853 kQ 

20.853 kQ(20V) „ „ , •„ , 1N 

V 2 = 1 — = 16.32 V (still very close to ideal) 

20.853 kQ + 4.7 kQ 

, 200kQ(20V) 

d: a. F 2 = — = 13.33 V 

200kQ + 100kQ 

b. ^= 200 kQ || 11 MQ= 196.429 kQ 

(196.429 kQ)(20V) , 1N 

F 2 = = 13.25 V (very close to ideal) 

1 96.429 kQ + 1 00 kQ 
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c. R m = 400 kQ 

7^=400kQ||200 kQ= 133.333 kQ 

= (133.333 kQ)(20 V) = ^ ^ y ^ ^ y = j j MQ level) 

133.333 kQ + 100 kQ 

e. DMM level of 1 1 MQ not a problem for most situations 
VOM level of 400 kQ can be a problem for some situations. 

42. a. K a6 = 20 V 

UMOPOV) . 
1 1 MQ + 1 MQ 

c. i? ffl = 200 V[20,000 Q/V] = 4 MQ 
4 MQ(20 V) 

F a/ , = = 16.0 V (significant drop from ideal) 

4 MQ + 1 MQ 

R m = 20 V[20,000 Q/V] = 400 kQ 

400kQ(20V) , , 

F a6 = — = 5.71 V (significant error) 

400kQ + lMQ 

43. not operating properly, 6 kQ not connected at both ends 

6 V 

R T = — = 1.71 kQ 

3.5 mA 

7? r =3kQ||4kQ = 1.71kQ 

44. V ah = E + I 4kn -R 4kn 

12V-4V 8V 

Ukn= = = 1 -6 mA 

lkQ+4kQ 5kQ 

V ab = 4V + (\.6 mA)(4 kQ) = 4 V + 6.4 V = 10.4 V 

4 V supply connected in reverse so that 

T 12V + 4V 16V . 

/= = = 3.2 mA 

lkQ+4kQ 5kQ 

and V ah = 12 V - (3.2 mA)(l kQ) = 12 V - 3.2 V = 8.8 V obtained 
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1. a. E and R\ in series; R2, R3 and R4 in parallel 

b. E and Ri in series; R2, Rj and in parallel 

c. Ri and R2 in series; is, i?3 and R4 in parallel 

d. E and i?i in series, R 4 and i? 5 in series; R 2 and i? 3 in parallel 

e. E and i?i in series, R2 and i?3 in parallel 

f. E, Ri and R4 in parallel; i?6 and R 7 in series; i?2 and R 5 in parallel 

2. a. R T =AQ.+ 10Q + 4Q = 18Q 

b. i? r = 10 Q+ = 10n + 5n = 15n 

2 

c. R T = 4 Q || (4 Q + 4 Q) + 10 Q = 4 Q || 8 Q + 10 Q = 2.67 Q + 10 Q = 12.67 Q 

d. i? r =10n 

3. a. yes 

b. h =/ s -/i = 10A-4A = 6A 

c. yes 

d. F 3 = £-F 2 =14V-8V = 6V 

e. 7?^ = 4 Q || 2 Q = 1.33 Q , i?" = 4 n || 6 n = 2.4 n 

R r = R'+R" = 1.33 n + 2.4 n = 3.73 n 



f\ O 

4. a. i?; = i? 3 || ftt= ^r 1 =6fi, i?" = i? 2 l| = =3Q 



2 



f. 


Rj ■ 


— R" 


_ 20Q. _ 10Q 
2 




h = 


E 

Rj 


, 20V =1A 
20 n 


g- 


Ps = 


EI S = 


^absorbed =(20 V)(l A) = 


a. 


R'y - 


-R3W 


i?4 = = 6 i?^' = 

2 




Rj ~ 


= i?i + 


Rj = 4Q + 3Q = 7Q 


b. 


h = 


E 

Rj 


2 A, I 2 /,, 

7Q 2 s 




h = 


1A 
2 


= 0.5 A 


c. 


k = 


1 A 




d. 


v 2 = 
v 4 = 


: ^2 

-v 2 = 


= (1 A)(6 Q) = 6 V 
6 V 


a. 


R 'y - 


-Ri 1! 


R 2 = 10 n|| 15Q = 6Q 




Rj = 


: 2? j. || 


(^3 + ^4) = 6n||(ion + 


b. 


/,= 


E 

Rj 


IM 9 A, /,- £ . 

4n Rj 




T. = 


E 


36V 36V 



:n) = 6n|| i2n = 4n 

36V =6A 



r 3 + r 4 ion + 2n i2n 

V 4 = IaRa = I2R4 = (3 A)(2 n) = 6 V 



6n 

= 3 A 



52 



Chapter 7 



6. a. R' T = 1.2 kQ + 6.8 kQ = 8 kQ, i?" = 2 kQ || R' T = 2 kQ || 8 kQ = 1.6 kQ 

7?r"= tf" + 2.4 kQ = 1.6 kQ + 2.4 kQ = 4 kQ 

i? r = 1 kQ || R'j" = 1 kQ || 4 kQ = 0.8 kQ 

, , £ 48V 

b. I s = — = = 60 in A 

R T 0.8 kQ 

c y- R " E - d-6^)(48V) =192y 
tf" + 2.4kQ 1.6kn + 2.4kn 

7. a. ^=(^11^11^3)11(^6 + ^11^5) 

= (12 kQ || 12 kQ || 3 kQ) || (10.4 kQ + 9 kQ || 6 kQ) 

= (6 kQ || 3 kQ) || (10.4 kQ + 3.6 kQ) 

= 2kQ || 14kQ= 1.75 kQ 

T E 28 V „ A T E 28 V 

L = — = = 16 mA, I 2 = — = = 2.33 m A 

■ R T 1.75 kQ R 2 12 kQ 

R' =Ri || R 2 1| Ri = 2 kQ 
R" = R 6 + R 4 \\R 5 = 14 kQ 
_ga)._2M06mA) 
R' + R" 2kQ + 14kQ 
b. V 1 =E = 28\ 

=R 4 \\R 5 = 6 kQ || 9 kQ = 3.6 kQ 
V 5 =I 6 R' = (2 mA)(3.6 kQ) = 7.2 V 

i? 3 3kQ 



a. 7?' = R 4 || 7? 5 || (R 7 + tf 8 ) = 4 Q || 8 Q || (6 Q + 2 Q) = 4 Q || 8 Q || 8 Q 
= 4Q||4Q = 2Q 
R" = (R 3 + R') || (i? 6 + i? 9 ) = (8 Q + 2 Q) || (6Q + 4Q) 

= 10Q || 10Q = 5Q 
R r = Ri || (R 2 +R")= 10 Q || (5Q + 5Q) = 10 Q || 10Q = 5Q 

R T 5Q 



i , ^ 16 A 

b. /„ = — = =8 A 

2 2 2 

j j 8 A 

h=Ia= = 4 A 

2 



(tf 4 ||tf 5 )+(* 7 +tf 8 ) 

(4Q||8Q)(4A) 
(4Q||8Q) + (6Q + 2Q) 
_ (2.67)(4 A) =1A 
2.67 Q + 8Q 
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d. -/gflg - V x + IgR 9 = 0 

V x = I 9 R 9 -hR ii = (4 A)(4 Q)-(l A)(2 Q) = 16 V - 2 V = 14 V 

1 1 = = 4 A 

5Q 

R T = 16 O || 25 O = 9.756 O 
7 V 

= 0.72 A 



9.756 n 



10. a,b. /,= — = 6A4,/ 3 = — = 0.8At 

4Q ion 

T 24V + 8V 32 V 

I 2 = = = 16 A 

2n 2n 

I=h + 7 2 = 6 A+ 16 A= 22 A I 



11. a. ^'=^4 + /^= 14 0 + 6 0 = 20 0 
R" = R 2 1| R' = 20 O || 20 O = 10 O 
K» = R" + R 1 = 10 Q+ ioo = 200 
^ = ^3 ||7?"' = 5 0 || 20 0 = 4 0 
7 S =A = ^= 5A 

20 V 20 V 20 V „ 

1\ = = = = 1 A 

R x +R" 10O + 10O 20Q 

T 20V A A 

h = = 4 A 

5Q 

J 1 A 

7 4 = - 1 = (since R'=R 2 )= = 0.5 A 

2 7 2 



V a = I 3 R 2 - m 5 = (4 A)(5 O) - (0.5 A)(6 O) = 20 V - 3 V = 17 V 
R 2 = (0.5 A)(20 O) = 10 V 



v bc | l 2 



12. a. 7i = 



/?!+7? 4 ||(i? 2 +i?3 ||# 5 ) 30 + 30||(3 0 + 60||60) 
20 V 20 V 20 V 



30 + 30||(30 + 30) 30 + 30||60 30 + 20 
4 A 
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b. CDR:/ 2 = Mil = ffl 

R 4 +R 2 + R 3 \\R 5 3Q + 3Q + 6Q||6Q 

12 A = 1.33 A 



6 + 3 

h = — = 0.67 A 

2 

c. h = h-h = 4 A- 1.33 A = 2.67 A 

V a = I*R A = (2.67 A)(3 Q) = 8 V 
V h = I 3 R 3 = (0.67 A)(6 0)= 4V 

T V E 2V , A 

13. a. 7e= — — = =2mA 

# £ lkQ 

/ c = / £ = 2mA 

b j = V R B _ Vcc ~ (Vbe + ^) _ 8 V - (0-7 V + 2 V) 
B 7^ 7? 5 220 kQ 

8V-2.7V 5.3V „ , 

= = = 24 uA 

220 kQ 220 kQ 

c V B =V BE +V E = 2J\ 

V c = Vcc ~ IcRc = 8 V - (2 mA)(2.2 kQ) = 8 V - 4.4 V = 3.6 V 

d. V CE = V c - F £ =3.6V-2V = 1.6 V 
K#c = K B - K c = 2.7 V - 3.6 V = -0.9 V 

14. a. /.-O.-.K.- 270M " 6V ) -uv 

270 kQ + 2000 kQ 

K G - K G5 - K 5 = 0 

^= K G - r GS = 1.9 V -(-1.75 V) = 3.65 V 
16 V 

b. 7i=/ 2 = = 7.05jiA 

270 kQ + 2000 kQ 

T _ K s 3.65 V „ . 

I D = h= — = = 2.43 mA 

7? s 1.5 kQ 

c. V DS = V DD - IdR d - IsRs = Vdd ~ Id(Rd + Rs) since I D = I s 

= 16 V - (2.43 mA)(4 kQ) = 16 V - 9.72 V = 6.28 V 

d. V DD ~ IdRd -V dg -V g = 0 
Vdg = Vdd ~ IdRd ~ Vq 

= 16 V - (2.43 mA)(2.5 Mi) - 1.9 V = 16 V - 6.08 V - 1.9 V = 8.02 V 
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Network redrawn: 



100 0 + 220 0 = 320 0 
400 O || 600 0 = 240 0 
400 O || 220 0= 141.94 Q 
240 0+141.94 0 = 381.94 0 



32 V ■ 




220 a 



R T = 320 O || 381.94 O = 174.12 O 



141.94 fl(32V) _ llMy 
141.94 0 + 240 0 



Vi = 32 V - V a = 32 V- 11.89 V= 20.11V 



V 2 =V a = 11.89 V 

20.11V „„ . 
600 LI 

hion = = 54.05 mA 

220 O 

1 + 7 6 oon = hioa 

I = ^oon _ hoon 

= 54.05 mA -33.52 mA 

= 20.53 mA -> 



R 2 +R 3 70 + 80 



E l -V l +E 2 = 0 

V x = E X + E 2 = 9 V+ 19 V = 28 V 

R s "shorted out" 

R' = R3 + R4 || R5 + (I 

= 100 + 60 ||60 + 60 || 30 
= 10O + 3O + 2O 
= 150 

Rt = R\+R 2 || R' 

= 100 + 30 0 ||15O=10O+10O 
= 20O 



/=J ^ = ioov =5A 

7? r 20O 
T _ R'(I) _(150)(5A) =16?A 



tf' + Z^ 150 + 300 
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I-h = 5 A- 1- A= 3-A 



h = 



R 7 I 3 



3£2 



A 



J - 



R 7 +R 6 



3£2 + 6£2 



1.11 A 



18. 



/ 8 = 0A 

b. V 4 = I 3 (R 4 \\R 5 ) 

F 8 = 0 V 

80 || 8£2 = 4£2 

30V 30V 



(3 Q) = 10 V 



3 A 



4£2 + 6£2 10Q 
V=I{% £2 || 8 £2) = (3 A)(4 Q) = 12 V 

19. a. All resistors in parallel (between terminals a & b) 



1 R 1 
I 

I 1 AAA i 


1 1 

i 1 

! AAA [- AAA 1 


I vvv '-i vvv I vvv r 

I R 2 R 3 i R 4 I 
1 1 ] kkk ' 1 


-1 


ill 5_ 



2*r=16£2|| 16 £2 II 8 £2 ||4£2 || 32 £2 
v v ' 

8 £2 || 8 £2 || 4 £2 || 32 £2 



4 £2 || 4 £2 |j 32 £2 

2 £2 || 32 £2= 1.88 £2 

b. All in parallel. Therefore, V x = V 4 = E = 32 V 

c. h = V 3 /R 3 = 32 V/4 £2 = 8 A <- 

d. I s = h+h + h + h + h 

32 V 32 V 32 V 32 V 32 V 



16£2 8£2 4£2 32£2 16£2 
= 2 A + 4 A+ 8 A+ 1 A + 2 A 
= 17A 

£ 32 V 



i?r — 



17A 



= 1.88 £2 as above 
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b. 



6V-=- v 20V^5Q 



•It 



'2n 2D 



6V^3Q 
+ 



-~^20V 

+ 



8n 



KVL: +6 V - 20 V + V ah = 0 

= +20 V - 6 V = 14 V 



20V A A 

/ 5n = = 4 A 

5Q 

, _ V ab _14V 



= 7A 



2Q 2Q 

/ 3 n=^=2A 
3Q 

7 + 7 3 fi = ^2fi 

and /' = I 2n - hn = 7 A - 2 A = 5 A 
/ = / , + / 5fi = 5A + 4A = 9A 



21 . a. Applying Kirchoff s voltage law in the CCW direction in the upper "window": 

+18 V + 20 V- V m = Q 

F 8n = 38V 
38V 



ha — 
ha 



8Q 
18V 



= 4.75 A 
18V 



3Q+6Q 9Q 



2 A 



22. 



KCL: 7 18V = 4.75 A + 2 A = 6.75 A 
b. V= (7 3n )(6 Q) + 20 V = (2 A)(6 Q) + 20 V = 12 V + 20 V = 32 V 

I 2 Ri = I3R3 and I 2 = - = — - = — (since the voltage across parallel elements is the same) 
i? 2 20 10 

1 1 = h + / 3 = — + 2 
10 



KVL: 120=/i12 + / 3j R 3 



7^3 
10 



+ 2 



12 + 2/2, 



and 120= 1 2R 3 + 24 + 2R 3 
3.2R 3 = 96 Q 

* 3 =^=30Q 
3.2 
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23. Assuming I s = 1 A, the current 7? will divide as determined by the load appearing in each 
branch. Since balanced I s will split equally between all three branches. 




Vi = 

v 2 = 
v 3 = 



A 



(10Q) 



10 



V 



-A 

V6 j 

1 



3 



A 



V- 1 J 
E = Vi + V 2 + V-. 



(10Q) = y V 

(10Q) = yV 

^V^v4v^.33V 
3 6 3 



E 8.33 V „„„^ 

R T = — = = 8.33Q 

/ 1A 



24. 36kQ||6kQ|| 12kQ = 3.6k£2 

F= j^jjXj^Yj _ gg v ^ 27 V. Therefore, not operating properly! 



3.6kQ + 6kQ 
6 kO resistor "open" 

!?' = 12kQ||36kn = 9kQ, F= 



7?'(45V) 9kQ(45V) 



R' + 6kD. 9kQ + 6kQ 



27 V 



25. a. R' T = R 5 \\{R (> + R 1 ) = 6Q.\\2>Q. = 2Q. 

R " T = R 3 1| (R 4 + R t) = 4 Q || (2 Q + 2 Q) = 2 Q 
7? r = i?i+7? 2 + i? , r=3Q + 5Q + 2Q = 10 Q 
240 V 
10Q 

_ 4Q(7) _ 4Q(24A) _ 
4 4Q+4Q~ 8Q 

r _ 6 £2(12 A) 72A _ c 

77 — — — o A 

6Q+3Q 9 



12 A 
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c. V 3 = I 2 R 3 = (I-I 4 )R 3 = (24 A - 12 A)4 ft = 48 V 
V 5 = 7 5 7? 5 = (7 4 - 7 7 )7? 5 = (4 A)6 ft = 24 V 

F 7 = W = (8A)2fi = 16 V 

d. P = I 2 1 R 1 = (8 A) 2 2 O = 128 W 

P = EI = (240 V)(24 A) = 5760 W 



26. 



R' T = R A II (R 6 + R 7 + 7? 8 ) = 2 ft || 7 ft = 1.56 ft 

R" T = R 2 || (R3 + R5 + R r) = 2Q || (4ft+ 1 ft+ 1.56 ft) = 1.53 £1 

tfr^i +ii"=4i]+ 1.53 ft = 5.53 ft 



b. /= 2 V/5.53 ft = 361.66 mA 



/ 3 = 



2ft(7) 2 ft(36 1.66 mA) 



2ft + 6.56ft 2ft + 6.56ft 
2ft(84.5mA) =1878mA 

2ft + 7ft 



= 84.50 mA 



27. The 12 ft resistors are in parallel. 

Network redrawn: 



R T = 12 ft 

E _ 24 V 
R 



ha — 

I\2Sl = 



= 2 A 
1 A 



12 ft 
4 = 2A 
2 2 
24ft(/ 2D ) = 2 
24 ft + 12 ft 3 



A 



Aon = (/ion) 2 10 ft 



\2 



•10ft =4.44W 




E -=-24V 



12Q 



8fl 



5Q 



28. 



Rio + R n || ^12 = 1 ft + 2 ft || 2 ft = 2 ft 
7? 4 || (7? 5 +7? 6 ) = 10ft || 10 ft = 5 ft 
^1 + ^2 II (^3 + 5 ft) = 3 ft + 6 ft || 6 ft = 6 ft 
7? r =2ft||3ft||6ft = 2ft||2ft=lft 
7 = 12 V/l ft= 12 A 



b. 7, = 12V/6ft = 2A 



= 6ft(2A) 

3 6ft + 6ft 
1 A 

h = = 0.5 A 

2 



1 A 



c. 



A = h = 0.5 A 



d. /,„ = — = 6A 



60 



Chapter 7 



29. 



a. £ = (40mA)(1.6kQ) = 64 V 



R, = ^=4kQ 



R 



Ll 12 mA 
24 V 
8mA 



3 kQ 



c. I R = 72mA-40mA = 32mA 
I Ri = 32 mA - 12 mA = 20 mA 
I Ri = 20 mA - 8 mA = 12 mA 
V„ 64V-48V 16V 



Ri = 



Rr = 



R, 



32 mA 32 mA 
48 V - 24 V 24 V 



= 0.5kQ 



20 mA 

24 V 
12mA 



20 mA 
= 2kQ 



1.2 kQ 



30. 





= 40mA 








= 40 mA - 


10 mA 


= 30mA 




= 30 mA - 


20 mA 


= 10 mA 




= 40mA 








= 40 mA - 


4 mA = 


36 mA 



*1 



Rj 



R, 



Ra 



Rs 



Vr, 120 V- 100 V 20 V 



v„ 



40 mA 40 mA 
100 V- 40 V 60 V 



30 mA 
40 V 



30 mA 



0.5 kQ 



2kQ 



10mA 
36V 



= 4kQ 



V, 



«5 



l *5 



= lkQ 

36 mA 

60 V -36 V 24 V 



40 mA 



40 mA 



= 0.6kQ 
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Pl = 




= (40 mA) 2 0.5 kQ 


= 0.8 W(l watt resistor) 


Pl = 


J 2 R 2 


= (30 mA) 2 2 kQ = 


1.8 W (2 watt resistor) 


Pl = 


J 3 R 3 


= (10mA) 2 4kQ = 


0.4 W (1/2 watt or 1 watt resistor) 


Pa = 


I%R 4 


= (36mA) 2 l kQ = 


1.3 W (2 watt resistor) 


Ps = 


1^5 


= (40 mA) 2 0.6 kQ 


= 0.96 W (1 watt resistor) 



All power levels less than 2 W. Four less than 1 W. 
31. a. yes, R L » R max (potentiometer) 



VDR: V R = 3 V = 



R 2 (12Y) _R 2 (12Y) 
R x +R 2 lkQ 



= 3V(lkQ) = Q 25 kQ = 25Q Q 
12V 

R! = 1 kQ - 0.25 kQ = 0.75 kQ = 750 Q 

V Ri =£ , -F i =12V-3V = 9V (Chose ^ rather than V RMl since numerator of VDR 
7?! (12 V) equation "cleaner") 



•2eq.2unk(^ =10kQ) 



V R =9V = 

R l+ (R 2 \\R L ) 
9Ri + 9(R 2 \\R L ) = l2R l 

R, = 3(R 2 \\R L ) 
R x +R 2 = 1 kQ 
= 3R 2 R L 3R 2 10 kQ 
1 R 2 +R L i? 2 +10kQ 

and Rx(R 2 + 10 kQ) = 30 kQ R 2 
R1R2 + 10 kQ^! = 30kQi? 2 

Ri + R 2 = 1 kQ: (1 kQ - R 2 )R 2 + 10 kQ (1 kQ - R 2 ) = 30 kQ R 2 
R 2 +39kQ^ 2 - 10kQ 2 = 0 

R 2 = 0.255 kQ, -39r255~kQ 

R 2 = 255 Q 
7?! = 1 kQ-7? 2 = 745Q 

_ 80Q(40V) 

32. a. K„/, 32 V 

100 Q 

V bc = 40 V - 32 V = 8 V 

b. 80 Q|| 1 kQ = 74.07 Q 

20 n|| 10kQ= 19.96 Q 
74.07 Q(40V) 

74.07 Q + 19.96 Q 
F 6c = 40 V- 31.51 V = 8.49 V 
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c p= (31.51V) + (8.49V) = 124UW + 36Q4 w=16j0 2W 
80Q 20Q 



p= (32 V) + (8V) = 12 .8 W + 3.2 W=16W 

80 D. 20 Q 
The applied loads dissipate less than 20 mW of power. 



33. a. 7 a = lmA 



b. * shmt = V" (l()0Q)(lmA ^ ()l n 5n,: 

20A-lmA 20 

(lkQ)(50//A) 



34 - 25 ^ '"° j^i^ s2ii 

50mA: «, t „,= MM -m 
50 mA -0.05 mA 

100 mA: i? shunt = 0.5fi 

35. a. ^ = ^-^ = 15V-(50MXlkfl) =300kn 

7 CS 50 //A 

b. £W = l// cs = 1/50 uA = 20,000 

36. 5V : *,= 5V -< lmA >< 100 ">=4.9Un 

1mA 

5 „ V: A -» V -°-' V - <MM 
1mA 

1mA 

37. 10 MO = (0.5 V)(£W) => £W = 20 x 10 6 

I cs = 1/(£W) = — - = 0.05 jiA 

20 x 1 0 

£ zero adjust 3 V , , ^ 2kQ „ , ^ 

38. a. 7^ = R — = lkD = 28 kfi 

I m 2 100 //A 2 
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b. 



xl = 



E 



^series 

E 



zero adjust 

+ Km + + "link 



^ _ _ zero adjust 



senes m ~ 
V Z 



3V 



xlOO//A 



- 30 kO : 



30x10 



1 



-30x 10 3 



1 



x = -,R U nk = 10 kft; x = -,R unk = 30 kft; x = -, R unk = 90 kft 



39. 
40. 



a. Carefully redrawing the network will reveal that all three resistors are in parallel 

R 12Q 
and A\ — = =4il 

N 3 



* • ii , • • .1 i j r, R 18Q , n 
b. Again, all three resistors are m parallel and R T = — = =6 11 

N 3 
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1. a. / 2 = /3 = 10mA 

b. Fi=/ii?i = (10mA)(lkfi) = 10V 

c. R T = 1 kQ + 2.2 kQ + 0.56 kQ = 3.76 kQ 
F s = /tf r = (10 mA)(3.76 kQ) = 37.6 V 

2. a. /,- Ml = = 3 ,996A,/, a / 

R s + R 1 +R 2 lOkQ + lOQ 

b. V 2 = I 2 Ri = (3.996 A)(6 Q) = 23.98 V 

c. V s = I 2 (Ri + R 2 ) = (3.996 A)(10 Q) = 39.96 V 

3. V Ri =7i?i = (6A)(3Q)= 18 V 

£+^-^ = 0, F, = /i+ = 10V+ 18 V = 28V 

4. a. V S = E = 24V 

E 24V 24V ^ . 

b. I 2 = = = = 6 A 

R^R 2 1Q + 3Q 4 Q 

c. I + I S = I 2 , I s = I 2 -I=6A-2 A = 4 A 

5. V]= V 2 = ^ = /7? r =0.6A[6Q||24Q||24Q] = 0.6A[6Q|| 12Q] = 2.4V 

V, 2 AW 
i 2 =^ = = 0.1 A 

R 2 24 Q 

^.i!L.''W. UT 

+ i? 4 24 Q 

£ 24V ^ A . £ 24 V 24 Q „ A 

6. a. 7i= — = =12A, I R = = = =3 A 

R l 2Q 2 R 2 +R 3 6Q + 2Q 8Q 

KCL: I + I s -h -1^=0 

7 , = h + i r 2 -/= 12A + 3 A-4A = 11 A 

b. F S = £ = 24V 

VDR: y ,--S£-- 2n P«V)-«X-«v 
^ 2 +^ 3 6Q + 2Q 8Q 



F 1 Q \T 

7. a. /=- = — =3A,iJ„ = «^6n 
R. 6Q P 



E 9 V 

/= — = = 4.09 mA, R p = R, = 2.2 kft 

7? 2.2kQ P 
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8. a. E = IR S = (1.5 A)(3 Q) = 4.5 V, R s = 3 fi 

b. £ = 77?, = (6 mA)(4.7 k£2) = 28.2 V, R s = 4.7 kft 

9 . , cDR:/ i =A«- = l«»3^=n.76A,/ l3 / 

#,+# z 100Q + 2Q 

b. /A s = /i? = (12A)(100Q) = 1.2kV 
R,= 100 Q 

7=^L= L2W =11.76 A 
100Q + 2Q 

10. a. £ = /i? 2 = (2A)(6.8Q) = 13.6 V,tf = 6.8fi 

b. /[ (CW) = (12 V + 13.6 V)/(10 Q + 6.8 Q + 39 Q) = 25-6 V = 458.78 m A 

55.8 Q 

c. = hR 3 = (458.78 mA)(39 D.) = 17.89 V 

+- 

11. a. I T = 6.8 A - 1.2 A - 3.6 A = 2 A 
b. V S = I T -R = {2 A)(4 Q) = 8 V 

12. / r T = 7 A- 3 A = 4 A 

CDR: ,,.M> = ^*) = 2.4 A 
tfj+ft, 4Q + 6Q 

F 2 = 7i7?i = (2.4 A)(4 Q) = 9.6 V 



13. a. Conversions: h = EJR X = 9 V/3 O = 3 A, R 1 = 3 n 

7 2 = £2/^2 = 20 V/2 O = 10 A, tf 2 = 2 ft 

b. Ill = 10 A - 3A = 7 A, 7? r = 3 Q. || 6 Q || 2 Q || 12 Q 

= 2 Q II 2 Q II 12 n 
= 1 Q || 12 Q 
= 0.92 a 

V ah V ah = -I T R T = -(7 A)(0.92 Q) = -6.44 V 

+- 

. + 6.44 V . . 

c. 7 3 T = = 1.07 A 

6D. 



14. a. 1= — = 12 V = 5.45 mA, - 2.2 kfl 

i? 2 2.2 kQ 
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b. I T t = 8 mA + 5.45 mA- 3 mA = 10.45 mA 
i?' = 6.8kQ||2.2kQ = 1.66 kQ 

V\ = I T R' = (10.45 mA)(1.66 kQ) = 17.35 V 

c. Vi = V 2 + 12 V => V 2 = Vi - 12 V = 17.35 V - 12 V 

= 5.35 V 



. V 2 5.35 V 

7 2 = — = = 2.43 mA 

R 2 2.2 kQ 



15. a. f/TUri 7 2 4-47!- 87 3 = 0 

6 - 27 2 - 87 3 = 0 
7i+7 2 = 7 3 



15 4 

'i=-yA,/ 2 =-A,/ 3 =-A 

15 4 



l^t 4J 7 2 10 + 12 - 37 3 - 47i = 0 7i = 3.06 A 

12 - 3/ 3 - 12/2 = 0 7 2 = 0.19A 

h+I 2 = h 7 3 = 3.25 A 



7^ =7j =3.06 A, /jj =/ 2 =0.19 A 



/j, = 7 3 = 3.25 A 



16. (I): 10-7! 5.6 kO - 7 3 2.2 kn + 20 = 0 

-20 + 7 3 2.2 kO + 7 2 3.3 kO - 30 = 0 
7i+7 2 = 7 3 



h = I R , = 145 mA h = I Rl = 8.51 mA, 7 3 = I R} = 9.96 mA 

(II): f/f -1.2kD7 1 + 9-8.2kD7 3 = 0 

V -10.2kn7 2 + 8.2kO7 3 + 6 = 0 



7! = 2.03 mA, 7 2 = 1.23 mA, 7 3 = 0.8 mA 

1 R[ = h = 2.03 mA 

I Ri = 7 3 = 0.8 mA 

/ = / = 7 2 = 1.23 mA 
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17. (I): f^VrU -25 -2/i- 3/ 3 + 60 = 0 

-60 + 3/3 + 6 - 5/2 - 20 = 0 
h=h + h 



h = -8.55 A 



^ -X- 



20 V 



V ah = 20 V - 1 2 5 Q = 20 V - (8.55 A)(5 Q) = -22.75 V 

+- 



(II): Source conversion: E = IR X = (3 A)(3 Q.) = 9 V, R x = 3 Q. 

f?j-0 7 3 9 + 6-3/2-4/ 2 -6/4 = 0 
+ 6/4-8/3-4 = 0 
/ 2 =/ 3 +/ 4 

/ 2 = 1.27 A 

7 2 6V 
a — >■ - - - +0 

W— llh? 

F flfc =/ 2 4 O - 6 V = (1.27 A)4 O - 6 V = -0.92 V 

+- 

18. h = I Ri (CW), h = I Rl (down), / 3 = I R} (right), / 4 = I Ri (down) 
/ 5 =/„ (CW) 



E X -I X R X -I 2 R 2 = Q 

hRl - /^3 - /+^4 = 0 

m 4 -i 5 R 5 -E 2 = o 

h=h+h 

h=h+h 



E 1 -I 2 (R l +R 2 )-I 3 R l = 0 
I 2 R 2 -h(R 3 +R4) + I 5 R4 = 0 
I 3 R 4 -I 5 (R 4 + R 5 )-E 2 = 0 



c. I 2 {R X +R 2 ) + hRi +0 =£1 

/ 2 (/? 2 ) -/ 3 (/?3 + /?4) + /^4 =0 

0 +/ 3 /? 4 -I 5 (R 4 + R 5 ) = E 2 



3/2 + 2/3+ 0 = 10 

l/ 2 - % + 5/5 = 0 
0 + 5/3 - 8/ 5 = 6 



d. I 3 = I Rl = -63.69 mA 
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19. a. 20 V - 4(270 kO) - 0.7 V - I E (0.5 1 k£2) = 0 
7 £ (0.5 1 k£2) + 8 V + 7 C (2.2 k£2) - 20 V = 0 
Ie = Ib + Ic 

I b = 63.02 nA, I c = 4.42 mA, I E = 4.48 mA 

b. V B = 20 V - 7 B (270 k£2) = 20 V - (63.02 //A)(270 k£2) = 20 V - 17.02 V = 2.98 V 
V E = IeRe = (4.48 mA)(510 Q) = 2.28 V 

V c = 20 V - 7 C (2.2 kQ) = 20 V - (4.42 mA)(2.2 kQ) = 20 V -9.72 V = 10.28 V 

c. J3= I c IIb = 4.42 mA/63.02 //A = 70.14 



20. a. 4-47i-8(7i-7 2 ) = 0 

-8(7 2 - 70 - 27 2 - 6 = 0 



/ 1= -Ia,/ 2 = ~ A 
7 7 

7p =7, = -— A 



I. =h = — A 



7„ =7,-7 2 = 



A 



A 



A (dir. of /j) 



-10-47i-3(7i-7 2 )- 12 = 0 
12-3(/ 2 -/i)-12/ 2 = 0 

7j = -3.06 A, 7 2 = 0.19 A 



I Ri =7i = -3.06A 
I R} =7 2 = 0.19A 

I R =h-h = (-3.06 A) - (0.19 A) = -3.25 A 



21. (I): T^T^v 



10 - h{5.6 kQ) - 2.2 kO(7i - 7 2 ) + 20 = 0 
-20 - 2.2 kQ(7 2 - 70 - 7 2 3.3 kQ - 30 = 0 

h = 1-45 mA, 7 2 = 8.51 mA 

I Ri =Ii = 1.45 mA, I R = 7 2 = 8.51 mA 

7^ = 7 2 - 7i = 7.06 mA (direction of 7 2 ) 
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(II): T^v 



-h{\2 kO) + 9 - 8.2 k£2(/i -7 2 ) = 0 

-7 2 (1 . 1 kD) + 6 - 1 2 (9. 1 k£2) - 8.2 kD(7 2 - h) = 0 



7i = 2.03 mA, 7 2 = 1.23 mA 

7^ = h = 2.03 mA, I R = 7^ =I 2 = 1.23 mA 

I R =I X -I 2 = 2.03 mA - 1.23 mA = 0.80 mA (direction of 70 



22. (I): I^I^ -25 - 27 1 -3(7i-7 2 ) + 60 = 0 

-60 - 3(7 2 - 70 + 6 - 57 2 - 20 = 0 



h = 1.87 A, 7 2 = -8.55 A 



a ^ h V ah = 20 - 7 2 5 = 20 - (8.55 A)(5) = 20 V - 42.75 V 

0 |l 



i ab 

■ 512+—- 

— ■20V = -22.75 V 



(II): Source conversion: E = 9 V, R = 3 D. 

9 - 37 2 - 47 2 + 6 - 6(7 2 -7 3 ) = 0 
-6(7, - 7 2 ) - 87 3 - 4 = 0 



7 2 = 1.27 A, h = 0.26 A 



+ aaa~ ,1,1 „ F a6 =7 2 4-6 = (1.27A)(4Q)-6V 

° — VA — H|l[^ — ° b 

+ "6V + = 5.08 V- 6 V 

= -0.92 V 



23. (a): 7^ 7 2 ) 7 3 ) 10 -7j2 - l(7j -7 2 ) = 0 

-l(7 2 -70-7 2 4-5(7 2 -7 3 ) = 0 
-5(7 3 -7 2 )-7 3 3 - 6 = 0 

3^ - 17 2 + 0 = 10 
-1/j +10/ 2 -5/ 3 = 0 
0 - 57 2 + 8/ 3 = -6 
7 2 = 7 fl = -63.69 mA 



24. a. A\7T\ _i/ 1 _4_5/ 1 + 6- l(7!-7 2 ) = 0 

-1(7 2 -70 - 6 - 37 2 - 15 - 107 2 = 0 



h =I 5 q= 72.16 mA 



> / a = -4-(72.16mA)(6 Q) 
= -4-0.433 V 
= -4.43 V 
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b. Network redrawn: 

-6h - 4(/i -h)- 12 = 0 

12 - 4(7 2 - 70 - 5/ 2 - 2(/ 2 -7 3 ) + 16 = 0 

-16-2(7 3 -7 2 )- 37 3 = 0 

7 2 = 7 5n =1.95A 



6 n: 




:3Q 



r ff = (7 3 )(3 Q) 
= (-2.42 mA)(3 Q) 
= -7.26 V 



25. (I): 7!) 7 2 ) 7 3 ) 



h{2.2 kQ + 9.1 kQ)-9.1 kQ7 2 = 18 

7 2 (9.1 kQ + 7.5 kQ + 6.8 kQ) - 9.1 kQ h - 6.8 kQ 7 3 = -18 

7 3 (6.8 kQ. + 3.3 kQ) - 7 2 6.8 kO = -3 

h = 1.21 mA, 7 2 = -0.48 mA, 7 3 = -0.62 mA 



(II): 



7 0 
/ 3 ) % 



16-4/t- 3(7! - 7 2 ) - 12 - 4(7! -7 3 ) = 0 
12 - 3(7 2 - 7i) - 10 7 2 - 15 - 4(7 2 - 7 3 ) = 0 
-1 6 - 4(7 3 - 7!) - 4(7 3 - 7 2 ) - 77 3 = 0 



h = -0.24 A, 7 2 = -0.52 A, 7 3 = -1.28 A 



26. a. 



b. 



-6.8 kQ 7! - 4.7 kQ(7j - 7 2 ) + 6 - 2.2 kQ(7j - 7 4 ) = 0 
-6 - 4.7 kQ(7 2 - 70 - 2.7 kQ 7 2 - 8.2 kQ (7 2 - 7 3 ) = 0 
-1 . 1 kQ 7 3 - 22 kQ(7 3 - 7 4 ) - 8.2 kQ(7 3 - 7 2 ) - 9 = 0 
5 - 1 .2 kQ 7 4 - 2.2 kQ(7 4 - 70 - 22 kQ(7 4 - 7 3 ) = 0 



h = 0.03 mA, 7 2 = -0.88 mA, 7 3 = -0.97 mA, 7 4 = -0.64 mA 

Network redrawn: 

6V 



-27! - 6 - 47i + AI 2 = 0 
-4J 2 + 4J l - u 2 + 17 3 - 6 = 0 
-17 3 + 17 2 + 6 - 87 3 = 0 

h = -3.8 A, 7 2 = -4.20 A, 7 3 = 0.20 A 



2 a: 




8Q 



6 V 
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6Q 



24 V 




4 Q 

-e-- 1 




■12 V 



hw = hn = I\on = hiv = 3 A (CW) 
hn = 3 A (CCW) 



8A 




•1 Q 



24 V 




4 Q _ 

i — VA— i+!° A p- 

7^ -VVri 



— 12 V 
+ 



24V-6/i-47 2 - 10/i 
and 16/ 1 + 4/ 2 = 36 
7i-/ 2 = 6A 



12 V = 0 



7i = 7 2 + 6 A 
16[/ 2 + 6 A] + 4/ 2 = 36 
16/ 2 + 96 + 4/ 2 = 36 
20/ 2 = -60 
h = -3 A 
/!=/ 2 + 6A = -3A + 6A = 3A 




•1 a 



20 V - 4/! - 6(/i - / 2 ) - 8(/ 3 - h) -l/ 3 = 0 
10/i - 14/ 2 + 9/3 = 20 
/3-/i = 3 A 
/ 2 = 8 A 

10/i - 14(8 A) + 9[/i + 3 A] = 20 
19/! = 105 
h = 5.526 A 

h = h + 3 A = 5.526 A + 3 A = 8.526 A 

/ 2 = 8A 
/20V = ha = 5.53 A (dir. of I\) 
/ 6 n = / 2 -/i = 2.47A(dir. of/ 2 ) 
/go = h-h = 0.53 A (dir. of / 3 ) 
/in = 8.53 A (dir. of / 3 ) 
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28. a. ?TV^ (4 + 8)/i - 87 2 = 4 

(8 + 2)7 2 - 8/! = -6 



29. (I): 



b. 7^7^ /i=~A,/ 2 =-|a 

(4 + 3)/i - 3/ 2 = -10 - 12 
(3 + 12)7 2 - 3/! = 12 



h = -3.06 A, 7 2 = 0.19 A 



a. h (5.6 kQ + 2.2 kQ) - 2.2 kQ (7 2 ) = 10 + 20 
7 2 (2.2 kQ + 3.3 kQ) - 2.2 kQ (70 = -20 - 30 



b. h = 1-45 mA, 7 2 = -8.51 mA 

c. 7^ = 7i = 1.45 mA, I R = 7 2 = -8.51 mA 

I R} = I x + 7 2 = 8.5 1 mA + 1 .44 mA = 9.96 mA (direction of 70 

(II): A) 

a. 7i(1.2kQ + 8.2kQ)-8.2kQ7 2 = 9 

7 2 (8.2kQ+ 1.1 kQ + 9.1 kQ) - 8.2 kQ7! = 6 



b. h = 2.03 mA, 7 2 = 1.23 mA 

c. 7^ = 7i = 2.03 mA, I R = 7^ = 7 2 = 1.23 mA 

I Ri =h-h = 2.03 mA - 1.23 mA = 0.80 mA (direction of 70 

30. (I): 7^7^ (2 + 3)7! - 37 2 = -25 + 60 

(3 + 5)7 2 - 37! = -60 + 6 - 20 



b. 7i = 1.87 A, 7 2 = -8.55 A 

c. I Ri =I X = 1.87 A, I Ri =I 2 = -8.55 A 

I h = I x - h = 1-87 A - (-8.55 A) = 10.42 A (direction of 70 

(II): a. ^\7^ (3 + 4 + 6)7 2 - 67 3 = 9 + 6 

(6 + 8)7 3 - 67 2 = -4 
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b. h = 1.27 A, h = 0.26 A 



c. I Ri =I 2 = 1.27 A, I Ri =h = 0.26 A 

Is, =h~h = 1-27 A -0.26 A = 1.01 A 
I R} = 3 A -I 2 = 3 A - 1.27 A = 1.73 A 

31. h}h}h} 

/i(2+ 1)- l/ 2 = 10 

7 2 (1 +4 + 5)- l/i-5/3 = 0 

/ 3 (5 + 3) - 5/2 = -6 



/ 2 = I R = -63.69 mA (exact match with problem 18) 

32. From Sol. 24(b) 

Ix}h}h} /i(6 + 4)-4/ 2 = -12 

/ 2 (4 + 5 + 2) - 4/1 - 2/3 = 12 + 16 
/ 3 (2 + 3)-2/ 2 = -16 



/ m = /2=1.95A 

I 3 = -2.42 A, .-. V a = (/ 3 )(3 Q) = (-2.42 A)(3 Q) = -7.26 V 



33. (1): /j)/,)/,) 



(2.2 kQ + 9.1 kn)/i - 9.1 kQ/ 2 = 18 

(9.1 kQ + 7.5 kQ + 6.8 kQ)/ 2 - 9.1 kQ h - 6.8 kQ/ 3 = -18 
(6.8 kQ + 3.3 kfi)/ 3 - 6.8 kQ/ 2 = -3 



h = 1.21 mA, I 2 = -0.48 mA, I 3 = -0.62 mA 

(II): /1) (4Q + 4Q + 3 Q)/j - 3 Q / 2 - 4 Q / 3 = 16 - 12 

7 s) ^) (4Q + 3 Q + 10Q)/ 2 -3/i -4£2/ 3 = 12- 15 

(4D + 4Q + 7 Q)/ 3 - 4/i - 4/ 2 = -16 



/! = -0.24 A, I 2 = -0.52 A, / 3 = -1.28 A 

34. a. Z^/,) 7 1 (6.8kQ + 4.7kQ + 2.2kQ)-4.7kQ/ 2 -2.2kQ/ 4 = 6 

Q is} I ^ 2n kn + 8 - 2 kQ + 4 - 7 J^) - 4 - 7 kQ 7 1 - 8 - 2 kQ 7 3 = " 6 

/ 3 (8.2kQ + 1.1 kQ + 22kQ)-22kQ/ 4 -8.2kQ/ 2 = -9 
/ 4 (2.2 kQ + 22 kQ + 1.2 kQ) - 2.2 kQ h - 22 kQ / 3 = 5 



h = 0.03 mA, I 2 = -0.88 mA, h = -0.97 mA, / 4 = -0.64 mA 

b. From Sol. 26(b): 

1,(2 + 4) - 4/ 2 = -6 
/ 2 (4 + 1) - 4/j - I/3 = -6 
/ 3 (1 + 8) - l/ 2 = 6 



/1 = 3.8 A, I 2 = -4.20 A, h = 0.20 A 
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35. 



a. 



V 



1 1 1 

— + - + — 

2 5 2 



-r,=5 



F, = 8.08 V 
F 2 = 9.39 V 



1 1 

— + — 

2 4 



-K,=3 



b. 



Symmetry is present 
1 



1 1 

— + — 

2 4 



F 2 =4-2 



V x = 4.80 V 
K, = 6.40 V 



1 1 1 

— + — + — 
4 20 5 



V=2 



Symmetry is present 



36. (I): 



o 



1 1 1 

- + — + — 

3 6 4 



~Vn 



■5-3 



1 1 

- + — 

8 4 



-K =3-4 



Ki = -14.86 V, V 2 = -12.57 V 

V Ri = V R( = -14.86 V 

V Ri = -12.57 V 

+ >V = 12 V + 12.57 V - 14.86 V = 9.71 



(II): 



v, v 2 



V 



1 1 1 

- + - + — 
5 3 2 



~Vn ~—Vn 



Vn 



1111 
—+-+—+- 

2 3 4 8 



Ik.-Ik.-7 

3 2 



V\ = -2.56 V, V 2 = 4.03 V 



V R = -2.56 V 



Pi 



= 4.03 V 



V R =V R = 4.03 V + 2.56 V = 6.59 V 
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37. (I): a. 



1 1 1 

- + + - 



2.2 kQ 9.1 kQ 7.5 kQ 



1 



7.5 kQ 6.8 kQ 3.3 kQ 



7.5 kQ 
1 



7.5 kQ 



V 2 = -1.98 mA 



K =0.91mA 



b. = -2.65 V, r 2 = 0.95 V 



(+) (-) 



c. V R =Vi = -2.65 V, V R = V 2 = 0.95 V, = V 2 - V x = 3.60 V 



/i 5 - ii 4 

I + 

Ri %V R = 18 V - 2.65 V= 15.35 V 



R 2 f V Ri = 3 V-0.95 V = 2.05 V 

+ 



(II): a. V 1 



1 1 1 

— + — + — 
4 4 7 



F 3 = 4 



1 1 1 

— + - + — 
4 3 10 



V x — V 3 = 4 + 1.5 



V, 



1 1 1 
— + - + — 
4 3 4 



-V,-- 



F 3 =-4-4 



b. V x = 8.88 V, V 2 = 9.83 V, V 3 = -3.01 V 



(+) (") 

c. V R =Vi = 8.88 V, V R = F 3 = -3.01 V, F fl = = 0.95 V 

*6 «4 «, y y 



-Vr + 



^ = 16 V- Ki + V 3 = 4.12 V 



W- Kj, = V 2 - V 3 - 12 V = 0.84 V 

^2 



= 15 V- F 2 = 5.17 V 
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38. 



(I): 



1 1 1 

- + — + — 

_3 6 6 

1 1 r 

— + — + — 
6 4 5 

1 1 1 

— + - + — 
6 5 7 



-V, 



-V, 



-K--Vr 



Vi = 7.24 V, V 2 = -2.45 V, V 3 = 1.41 V 
(II): Source conversion: / = 4A,iJ = 4Q 



v, 



V-, 



I J_ _L 

9 20 20 

J_ _L _L 
20 20 18 

_L J_ I 
20 20 4 



20 



20 



—V] ~ — =0 
20 20 



J_ 
20 



J_ 
20 



V\ = -6.64 V, V 2 = 1.29 V, V 3 = 10.66 V 



39. 



(I) 



y. 



V 2 



1 1 
— + — 

2 2 



1111 

—+-+—+— 

2 9 7 2 



Vn 



1 1 1 
— + — + — 

2 2 4 



V, 



Ki = -5.31 V, V 2 = -0.62 V, V 3 = 3.75 V 
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(II) 



V 1 V 2 



o V 3 





1 


1 


1 


— + — 






_2 


6 


6 


v 2 


V 


= 5 


-2 




_4_ 










r 


1 


— + — 






6 


5 


6 



^ = -6.92 V, V 2 = 12 V, F 3 = 2.3 V 



40. a. 




10 Q V 2 



Supernode 



V, 



-m- 



-5 



:12£2 



Node F,: 



6Q 10Q 



Supernode V 2 , V 3 : 



0 = — L + ^- + - J 



ion 4n i2n 

Independent source: 

V 2 - V 3 = 24 V or F 3 = F 2 - 24 V 



2 eq. 2 unknowns: 



6n ion 

F 2 -F t < V 2 < F 2 -24V _ Q 



ion 4n i2n 



0.267^-0.1^ = 2 
+0.1 Fi- 0.433 F 2 = -2 

Vi = 10.08 V, V 2 = 6.94 V 
V 3 = V 2 - 24 V = -17.06 V 
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b. 



16 V 




4A 



X 



Supernode 



20 £2 



I 3A h- 

W 3A 



3A 



>40 Q 



4A 



Supernode: 



2 eq. 2 unk. 



3 A+4A=3 A 



20 Q, 40 Q 



4 A = 

20 Q 40 Q 
F 2 - F[ = 16 V 



Subt. V 2 =\6V+V l 

4A= JL + d6v^) 

20 Q 40 Q 
and Fi = 48 V 
F,= 16 V+ Ki =64 V 



41. 



a. 



1 1 1 

— + — + — 

2 5 2 



-V 2 =5 



1 1 
— + — 

2 4 



V3 
2 1 



Fi = 8.08 V, V 2 = 9.39 V 

Symmetry present 
1 



1 1 
— + — 

2 4 



F 2 =4-2 



1 1 1 

— + — + — 
4 20 5 



1 



V x =2 



V x = 4.8 V, V 2 = 6.4 V 

Symmetry present 
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42. 



43. 



(I): a. Note the solution to problem 36(1). 
b. V x = -14.86 V, V 2 = -12.57 V 



c. 



V Ri = V R4 =Vi = -14.86 V, V Ri = V 2 = -12.57 V 



AA/V 



Vn 



Vi-V 2 +l2W = (-14.86 V) - (-12.57 V) + 12 V = 9.71 V 



(II): a. Note the solution to problem 36(11). 

b. Vi = -2.56 V, V 2 = 4.03 V 

c. V Ri =V X = -2.56 V, V R ^ = V h =V 2 = 4.03 V 

(+) (") 
V R ,=V Rt =V 2 -V i = 6.59\ 



(I): a. Source conversion: 7=5 A, R = 3 Q. 



l l l 

- + — + — 
3 6 6_ 

1 1 r 

— + — + - 
6 4 5_ 

1 1 1 

_ + _ + _ 

6 5 7 



6 2 6 3 



V, 



6 1 5 3 
5 2 6 1 



b. Fi = 7.24 V, F 2 = -2.45 V, F 3 = 1.41 V 

c. #i ^ F„ = 15 V- 7.24 V = 7.76 V 



v Ri = v 2 = 


-2.45 V, V Rj 


= V 3 = 1.41 V 


(+) 


(") 






V 2 =\A\ V- 


(-2.45 V) = 3.86 V 


V Rs =V\- 


F" 2 = 7.24 V - 


(-2.45 V) = 9.69 V 




F 3 = 7.24 V - 


1.41 V = 5.83 V 
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(II): a. Source conversion: I = 4A, R = 4Q 



v v 

1 2 



V, 



Vn 



I _L J_ 

9 20 20 
J_ J_ J_ 
20 20 18 

' i i r 
— + — +— 

20 20 4 



— F 2 -— F 3 =-2 
20 20 



1 



1 



20 20 



V, =0 



1 



F, 



1 



20 20 



K=4 



b. Ki = -6.64 V, V 2 = 1.29 V, = 10.66 V 



c. V Ri = Vi = -6.64 V, 7? 2 ^ F fc = 16 V - 10.66 V = 5.34 V 

f + 

(+) (-) 

V R = V 2 = 1.29 V, Vj, = V 2 - V x = 1.29 V- (-6.64 V) = 7.93 V 



V, 



«6 



(+) (-) 

K 3 - F 2 = 10.66 V- 1.29 V = 9.37 V 

(+) (-) 

F 3 - = 10.66 V - (-6.64 V) = 17.30 V 



44. a. Note the solution to problem 39(1). 

V\ = -5.31 V, V 2 = -0.62 V, Vi = 3.75 V 
V 5A =Vi = -5.31 V 



b. Note the solution to problem 39(11). 
V\ = -6.92 V, V 2 = 12 V, F 3 = 2.3 V 

(+) (-) (+) (-) 

V 2K =V 2 -V, = 9.7 V, V 5A =V 2 -Vi = 18.92 V 



45. a. I 2 } 7i(6 + 5 + 10) -5I 2 - 10/ 3 = 6 
7 i) 7 ^ 7 2 (5 + 5 + 5)-5/ 1 -5/ 3 = 0 
3 * / 3 (5 + 10 + 20) - 10/i - SJ 2 = 0 

/i = 0.39 A, 7 2 = 0.18 A, 7 3 = 0.14 A 

b. h=h—h= 40 mA (direction of I 2 ) 
c, d. no 
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46. Source conversion: / = 1 A, R = 6 Q 



1 1 1 

— + — + — 
6 5 5 

11 1 

- + - + — 
5 5 20 

ii r 
-+-+ — 

5 5 10 



V, 



-^--^=0 

5 5 
5 5 



V R _ = 196.70 mV, no 



47. 



h} / 1 (2kQ + 33kQ + 3.3kQ)-33kQ/ 2 -3.3kQ/ 3 = 24 
i) 7 \ 7 2 (33 kQ + 56 kQ + 36 kQ) - 33 kQ ^ - 36 kQ 7 3 = 0 

3 * / 3 (3.3 kQ + 36 kQ + 5.6 kQ) - 36 kQ 7 2 - 3.3 kQ /, = 0 



b. h 



h = 0.97 mA, I 2 = h = 0.36 mA 

0.36 mA - 0.36 mA = 0 



48. 



c, d. yes 



Source conversion: /= 12 A, R = 2 kQ 



1 



1 



• + - 



1 



2kQ 33kQ 56kQ 
1 1 1 



V, 



56 kQ 2 33 kQ ? 



V, = 12 



-+- 



- + - 



56 kQ 36 kQ 5.6 kQ 



1 



- + - 



1 



■ + ■ 



1 



33 kQ 3.3 kQ 36 kQ 



1 



56 kQ 
1 

33kQ 



-V, 



1 



36 kQ 
1 

36kQ 



F 3 =0 
K=0 



7 *< = OA, yes 



49. Source conversion: 1=9 mA, R = 1 kQ 



V, 



1 



• + - 



1 



- + - 



1 



lkQ 100 kQ 200 kQ 



1 



1 



■ + - 



1 



■ + - 



1 



lOOkQ 200 kQ lkQ 



1 



- + - 



1 



- + - 



1 



200 kQ lOOkQ lkQ 



lOOkQ 
1 

100 kQ 
1 



1 



200 kQ 
1 



K 3 = 4mA 



200 kQ 



-V, 



lkQ 
1 

lkQ 



V,= — 9 mA 



V-, = 9mA 
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50. 



>) (1 kQ + 2 kQ + 2 kD)7] - 2 kQ 7 2 - 2 kQ 7 3 = 10 
\ (2 kQ + 2 kQ + 2 kQ)7 2 - 2 kQ 7! - 2 kQ 7 3 = 0 

(2kQ + 2kQ + 2kQ)7 3 -2kQ7! -2kQ7 2 = 0 

7i = 7iov = 3.33 mA 
Source conversion: 7=10 V/l kO = 10 mA, 7? = 1 kQ 



c^3 



° V 2 



V, 



1 



■ + J_ + - 1 



lkQ 2kQ 

1 1 

- + - 



1 



2kQ 2kQ 

1 1 

- + - 



2kQ 
1 

2kQ 
1 



2kQ 2kQ 2kQ 



2kQ 
1 

2kQ 
1 

2kQ 



1 



2kQ 
1 

2kQ 
1 

2kQ 



- K = 1 0 mA 



V, =0 



^=0 



= 6.67 V = 7± - 77?, = 10 V -7(1 kQ) 



, 10-6.67V 

7 = = 3.33 mA 

lkfi 



b. A) 



^7 



Source conversion: E = 20 V, R = 10 Q. 



(10 + 10 + 20)7! - 107 2 - 207 3 = 20 
(10 + 20 + 20)7 2 - 107] - 207 3 = 0 
(20 + 20 + 10)7 3 - 207i - 207 2 = 0 

7i =7 20v = 0.83 A 




20 V 



F = 20 V-8.3 V 
= 11.7 V 



T V 11.70V 

7 S = — = = 1.17A 

r ion 



° V 3 





1 1 1 

10 10 20 




1 

20 


v 2 - 


1 

To 


v 2 


1 1 1 
20 20 10 




1 

20 


v x - 


1 

20 




1 1 1 

10 20 20 




1 

To 


v x - 


1 

20 



V 3 =2 



V 3 =0 



V 2 =0 



V, 



1 _ 



77 



1.17 A 
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51. a. 




7= 



20 W 



4 

Q + 

5 



-Q + 3Q 


II 


-Q + 4Q 


_5 




^5 



20 V 



-Q + (3.14Q)||(4.4Q) 



= 7.36 A 



1.1 kQ 




52. a. 



R T = 2.27 kQ + [4.7 kQ + 2.27 kQ] || [1.1 kQ + 2.27 kQ] 
= 2.27 kQ + [6.97 kQ] || [3.37 kQ] 
= 2.27 kQ + 2.27 kQ 
= 4.54 kQ 
8 V 



4.54 kQ 



1.76 mA 



400 V_= 




(Y-A conversion) 
400 V 



400 V 



12kQ||12kQ||6kQ 3kQ 
= 133.33 mA 



b. I 



42 V 



42 V 



(18Q||18Q)||[(18Q||18Q) + (18Q||18Q)] 9Q||[9Q + 9Q] 
= 7 A (Y-A conversion) 
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53. 



54. 



55. 




3 kQ. || 7.5 kD. = 2.14 kQ 
3 kQ || 15kQ = 2.5kQ 



/ M — 1 



3 kQ 



i*'r = 2.14kQ||(2.5kQ + 2.5kQ)= 1.5 kQ 
CDR: 



1.5kQ + 2kQ 




/. = 



10 V 5V 



15V 



18kQ 18kQ 18kQ 



0.83 mA 




E -=_20V 



1 kQ I 1 kQ 
1 kQ 



R T = 1 kQ+ 1.5 kQ+ 1 kQ = 3.5kQ 
E 20 V 



Is = 



R T 3.5 kQ 



= 5.71 mA 



R' =Ri + 1 kQ = 3 kQ 
7?" = R 2 + 1 kQ = 3 kQ 
3kQ 



R' i — 



= 1.5 kQ 



56. 




c-g: 27 n|| 9 O || 27n = 5.4n 

a-h: 27 n || 9 Q. || 27n = 5.4n 

R T =5AQ. || (13.5 n + 5.4 n) 
= 5.4n || 18.9Q 

= 4.2n 
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Chapter 9 



i. 



a. E\\ 




30 V 
12Q + 6Q||6Q 
30 V 



12Q + 3Q 



2 A 



T T _L = i A 



60 V 



60 V 



6Q + 6Q||12Q 6Q + 4Q 
6 A 



/' 2 = 



6Q + 12Q 
12QQQ 

12Q + 6Q 



= 4A 



/i = /i + I"i = 2 A + 2 A = 4 A (dir. of I[ ) 
I 2 = r 2 -I' 2 =4A-1 A = 3A(dir. of I" 2 ) 
h = I' 3 + r 3 = 1 A + 6 A = 7 A (dir. of I' 3 ) 



b. £i: P\ = I[ 2 R l = (2 A) 2 12 Q. = 48 W 

£2: P"i = r x 2 R x \"Rx = (2 A) 2 12 Q = 48 W 



c. Pi= I 2 R X =(4 A) 2 12Q = 192 W 



d. P'i+P"i = 48W + 48W = 96W?t 192 W = Pi 
/: 




8Q 



-10 Q 



t 7 " r 



-8Q 



;18V 



,. 8 "< 9A > MA 
8Q + 10Q 



18 V 



10Q + 8Q 



= 1 A 



I = T-r = 4A-1A = 3A (dir of/') 
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3. 




1 =f I 15QII10Q = 6Q 

9QII 6Q=3.6Q 



Ey. 



>;18Q 


^ — l|l| 1 

E 2 =24V 
1 9Q * 


^15 n ^ 





42 V 



1.944 A 



18Q + 3.6Q 
9D.(I T ) 9Q(1.944A) 



9Q + 6Q 
= 1.17 A 



15Q 



^ 12 Q 



9QII18Q = 6Q ~ 15QII10Q = 6Q 

I 24V = It + Ii = 2 A + 1.17 A = 3.17A(dir. of/i) 



3.3 kQ 




3.3 kQ 



•2.2 kQ 



1 



■8 V 



;4.7 kQ 



S4.7 kQ 



/; = 



3.3kQ(5mA) 16.5 mA 



2.2kQ + 3.3kQ 
= 3 mA 



5.5 



V\ = 



8 V 



8V 



3.3kQ + 2.2kQ 5.5kQ 
= 1.45 mA 



h = T x + T\ = 3 mA + 1.45 mA = 4.45 mA 



Ex. 



4 Q 




•4Q 



/,= 1 



12 V 



R T 6Q + 5.88Q 



R' = 4Q II12Q = 3Q 



1.03 A 
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,_ 30 0(7,) _ 30Q(1.03A) 
~30Q + 7Q~ 37Q 
= 835.14 mA 
V' s =T(4 Q) = (835.14 mA)(4 Q) 
= 3.34 V 



4Q 

e- 

6A 



;30 n 



•6Q 



L 



.12 n 



J 



L 



J 



R"=30Q ||6Q = 5Q R' = 12 Q II 4 Q = 3 Q 



I' 



4 Q 
— AAA^ 

T T J 

+ v.' 

-e 



6A 



VW— VvV— 1 

5Q 3Q 



r- 8 "< 6A > =4A 

8Q + 4Q 

= 7(4 Q) = 4 A(4 Q) = 16 V 




4Q 



£ 2 _=_ 8 V 



R'=30Q ||6Q = 5Q 



R' T = 12 Q || (4 D. + 5 Q) = 12 Q || 9 D. = 5.14 Q 
8 V 



R T 4Q + 5.14Q 



0.875 A 



r _ 12Q(7') _ 12 Q(0.875 A) _ Q5A 

12Q + 9Q 21Q 
K"= 7"(4 Q) = 0.5 A(4 Q) = 2V 

V, = V"- V', - V. m = 16 V - 3.34 V - 2 V = 10.66 V 
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6. E: 



►12 kQ 



£-^"36 V 



6.8kn ( 36V) 
6.8kO + 12kO 




9 mA 



12kO(9mA) c „ c 

7 2 = 1 — = 5.75 mA 

12kO + 6.8kO 



V 2 "=I 2 R 2 = (5.75 mA)(6.8 kQ) = 39.10 V 
V 2 = V2+V" = 13.02 V + 39.10 V = 52.12 V 



7. 



a. R Th = R 3 + R l 11^2 = 40 + 60 || 3 0 = 40 + 20 = 6 O 



R 2 E 3Q(18V) 



R 2 +R t 30 + 60 



6 V 



b. /, 



6V 



R Th + R 6 O + 2 O 



0.75 A 



h = 
h = 



6V 



6O + 30O 

6V 
6O + 100O 



= 166.67 mA 
56.60 mA 



a. 



-AW- 

2Q 



12Q- 



R Th = 2 O + 12 O = 14 O 




E n = IR = (2 A)(12 0) = 36 V 
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R = 2D.:P = 



■"Th 



\ R Th + R 



R = 



36 V 



14Q + 2Q 



2D. =10.13 W 



R= 100 D.:P = 



36 V 



\2 



14Q + 100Q 



100 D. =9.97 W 




<- Rn = 5 Q. + 5 Q. II 5 Q. = 7.5 SI 



E 



Th- 



20 V 




b. R = 2Q.:P 



E Th \ „ ( 10 V 



\ R Th +R J 



R 



7.5Q + 2Q 



2Q =2.22 W 



R= 100Q.-.P 



10 V 



7.5Q + 100Q 



100 Q =0.87 W 



10. R 



Th- 



• 1 • — 














( 


1 


— VA 



— 3Q 



^™ = 6n||3n = 2fi 



+ ^ _ 

— o o- 



E 1 — 



72 V ^6Q> 6Q 



71- 

E 2~=- 18 V 



3Q 



K,- «ggm -i2v 

6Q + 3Q 
£ rA = 72 V+ 12 V = 84 V 
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11. R 



Th- 



1: 



E: 



• 


L J 

£5.6 kQ 


1 ± 

i 1 1 
1 1 

i 


E Th : Superposition: 




+ 


£5.6 \<Q.Q 


D 8 mA o 

o 

1 ' 






+ 

o 


► ( 

£5.6 kQ 

1 


! i 

■ T 



2.2 kQ 



Z2.2 kQ 



;2.2 kQ 



R Th = 5.6 kQ || 2.2 kQ = 1.58 kQ 



E'n -IRt 

= 8mA(5.6kQ||2.2kQ) 
= 8mA(1.579kQ) 
= 12.64 V 



E", 



Th 



5.6kQ(16V) 
5.6kQ + 2.2kQ 
= 11.49 V 



En = 1 1.49 V - 12.64 V = -1.15 V 



12. a. R 



Th- 



z — r 




9.76 Q 



i? ra = 25Q || 16Q = 9.76Q 



E n - Superposition: 
E: 



o- 
+ 



9.76 Q 



° — i'r 

20 V 



E'n = -20 V 




E" n = (3 A)(9.76 Q) = 29.28 V 



E Th = E" Th - E'n = 29.28 V - 20 V = 9.28 V 
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b. R 



Th- 




E 



Th- 



~\l T 



+ 

3 H T 



-=-72 V 



f 



3Q 



;4n 



= 4 Q || (2 Q + 6 Q || 3 Q) = 2 Q 



7 r = 



72 V 



h = 



6Q + 3Q||(2Q + 4Q) 
3Q(7 r ) _3Q(9A) 



9 A 



= 3 A 



3Q + 6Q 9Q 
7± n = V 6 + F 2 = (7 r )(6 Q) + 7 2 (2 Q) 
= (9 A)(6 Q) + (3 A)(2 Q) = 60 V 



13. (I): R Th : 



1— •— •— W 0 




25 a 

.30 si <-# ra = 25Q + 60Q||30Q = 45Q 



1 ° v +v = ov- 

VA — nHl I — VA — ° 

60 Q 11 25 Q 



-=- 1 5V ^ 30 + Q 



E n = ^on- 10 V-0 
= 30 Q(15V) 
30 Q + 60 Q 



10 V 



= 5V-10V = -5V 



(II): Rm: 



4.7 kQ 



R Th = 2.7 kQ || (4.7 kQ + 3.9 kQ) = 2.7 kQ || 8.6 kQ = 2.06 kQ 
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E 



Th- 



4.7 kQ 



r 

'2.7 kQ 



C) 



18 mA 



.3.9 kQ 



„ 3.9kQ(18mA) r ^ A 

r = = 6.21 mA 

3.9kQ + 7.4kQ 

E n = T(2.1 kQ) = (6.21 mA)(2.7 kQ) = 16.77 V 



14. (I): R n : 



1 — — 1 


—AM 1 


— VA — ° 


1 20 a 


„ 12 a 


2Q 




£5Q ^ 


t 16Q 


♦ 




o 



^-i?™ = 2Q + 8Q = 10Q 



20 a II 5 a = 4 a 



16 Q II (12 Q + 4Q) = 8 a 




£ -=-20V 



En — V\6D. 



5 Q II (12 Q + 16 Q) = 5 Q II 28 Q = 4.24 Q 
20V 



20Q + 4.24Q 



825.08 mA 



5Q(/ r ) 5Q(825.08 mA) 



= 125.01 mA 



5Q + 28Q 33 Q 

E n = Vi 6C1 = (/')(16 Q) = (125.01 mA)(16 Q) = 2 V 
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(II): R 



Th- 




<-R Th = 3. 3 kQ + 2.2 kQ || 1.1 kQ 



3.3 kQ + 0.73 kQ 
4.03 kQ 



E n : Superposition: 




E'n — V- 



Th~ y 2.2M2 " 



= 8 V 



2.2kQ(12 V) 
2.2kQ + l.lkQ 



E Th " = E 2 = 4V 



En = E'n + E" n = 8V + 4V = 12V 



15. R 



Th- 



-AM — i — WV 



-2.2 kQ 



3.3 kQ 
5.6 kQ 

R' 



I L_U 



vw 

I 1 .2 kQ 
^6.8 kQ 



<-^ ra =2.2kQ || 5.6 kQ= 1.58 kQ 
R' = 1.58 kQ + 3.3 kQ 
= 4.88kQ 



R" = 4.88 kQ || 6.8 kQ = 2.84 kQ 

Rn = 1 .2 kQ + R" = 1 .2 kQ + 2.84 kQ = 4.04 kQ 

E T h- Source conversions: 
22 V 

/! = = 10 mA, R s = 2.2 kQ 

2.2 kQ 

12 V 

h = = 2.14 mA, R, = 5.6 kQ 

5.6 kQ 

Combining parallel current sources: V T = /, -I 2 = 10 mA - 2.14 mA = 7.86 mA 

2.2 kQ || 5.6 kQ= 1.58 kQ 
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Source conversion: 

E = (7.86 mA)(l. 58 kQ) = 12.42 V 

R' = R s + 3.3 kQ = 1.58 kQ + 3.3 kQ = 4.88 kQ 

1.2 kQ 

° 



FT TT 

^4.88 kQ ^6.6 
12.42 V-=- -=-6 V 



V=0V- 
6.8 kQ 



12.42 V-6V 6.42 V 

= 549.66 //A 



4.88 kQ + 6.8 kQ 11.68kQ 
Fe.skn = /(6.8 kQ) = (549.66 //A)(6.8 kQ) = 3.74 V 
E Th = 6V + F 6 . 8k fi = 6 V + 3.74 V = 9.74 V 



R 



Th- 



51 kQ 



10 kQ 



<-Rm = 51 kQ II 10 kQ = 8.36 kQ 



■'Th- 



I W 1 o 

i_ 51 kQ I 

-=- ^10 kC 



20 V 



En - 



10 kQ(20 V) 
10kQ + 51kQ 



3.28 V 



IeRe +V ce + IcRc = 20 V 
but I c = h 

and URc + Re) + V CE = 20 V 



or/ £ = 



20V-K 



CE 



20 V-8 V 



12 V 



R C +R E 



2.2kQ + 0.5kQ 2.7 kQ 



4.44 mA 




En - hRn - Vbe - Ve — 0 



and/ = E n - V BE - V E = 3.28 V - 0.7 V - (4.44 mA)(0.5 kQ) 
B R Th 8.36 kQ 

2.58 V -2.22 V 0.36 V 

= = = 43.06 uA 

8.36 kQ 8.36 kQ 

d. V c = 20 V - I C R C = 20 V - (4.44 mA)(2.2 kQ) 
= 20 V- 9.77 V 
= 10.23 V 

17. a. E Th = 20V 

T , . . £ ra 20 V _ 20 V 

/= 1.6 mA= -^- = ,R Th = = 12.5 kQ 

R Th R Th 1.6mA 

b. E Th = 60 mV, R Th = 2.72 kQ 

c. E n = 16 V, R Th = 2.2 kQ 

18. R N : 

o — VA 1 1 

_^ 2£2 A i? A , = 2Q+12Q = 14Q 



d ^-12 a 



I 




7jv= — =1.34 A 



b. £ ra = ^jv=(1.34A)(7.5Q) = 10.05 V = 10 V, R Th = R N = 7.5 Q 
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20. R N : 




2.2 kQ 



R N = 5.6 kQ II 2.2 kQ = 1.58 kQ 




2.2 kQ 



I' N = 8 mA 



E: 



:2.2 ka 
+ 

-^16 V 



16 V ^ . 

/% = = 7.27 mA 

2.2 kQ 

I N t = 8 mA - 7.27 mA = 0.73 mA 



21. (I): (a) 



25Q^16Q R N = 25D.\\ 16Q = 9.76Q 
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Iff-. Superposition: 



I: 




r N =3 a 




9.76 Q 



F N = 20 V = 2.05 A 
9.76 D. 



20 V 

I N = T N - F N = 3 A - 2.05 A = 0.95 A (direction of T N ) 
b. = InRn = (0.95 A)(9.76 Q.) = 9.27 V s 9.28 V, R Th = R N = 9.76 Q 
(II): a. /^: 




S 4a <^R N = 4Q.\\(2n + 2Q) = 2Q. 



In: 



72 V- 




7 = 



72 V 



4Q||(3Q + 6Q||2Q) 
72 V 



2.118Q 



;34A 



/,- 4 " (/) , -16 A 



4£1 



h = 



4Q + 4.5Q 
20(70 



2Q + 6Q 



= 4 A 



22. 



In = I-I 2 = 34 A-4 A = 30 A 
b. 7i ra = InRn = (30 A)(2 Q) = 60 V, R n = R N = 2 Q 
(I) Rn: 



I — w — I — WV — I — w — ° 

20 Q | 12 Q I 2Q 



20 Q ||5Q = 4Q 



<-iJ jV = 2Q+ 16 Q|| (12Q + 4Q) 
= 2Q+ 16 O || 16Q 
= 2Q + 8Q = 10Q 
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In. 



AM — i — Wr 




-12 Q II 16Q=1.78Q 
5Q|| (12 Q+ 1.78 Q) = 3.67Q 

• E 20V = 0.84 5 A 



R T 20Q + 3.67Q 
5 0(0.845 A) s() 225 A 



5Q + 13.78Q 
16Q(0.225A) 
16Q + 2Q 



0.2 A 



(II): ^: 



3.3 kQ 

VA — ° 




•^^=3.3 kQ + 1.1 kQ || 2.2 kQ 
= 3.3 kQ + 0.733 kQ 
= 4.03 kQ 



I N : Superposition: 
Ex. 

-1.1 ka 



I . I KkZ I V. 



E 1 -=-12 V 



1 

1 .32 kQ 



E 2 




3.3 kQ 



12 V 



LlkQ + 1.32kQ 

3.3 kQ = 4 _ 96 ^ 



0.73 kQ 



_ 2.2 kQ(4.96 mA) 

2.2kQ + 3.3kQ 
= 1.98 mA 



r N = 



4V 



3.3 kQ + 0.73 kQ 
= 0.99 mA 



I N = r N + F N = 1 .98 mA + 0.99 mA = 2.97 mA 
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vvv 

, 4Q J 

» < 


L 

>b 


< 


1 





R N = 4D.\\ 12Q = 3 Q 



E= 12 V: 




12 V 

r N = = 3 a 

4Q 



1= 2 A: 




I N = r N + I" N = 3 A + 2 A = 5 A 



:4 a 



' £2 



4£! 
I VAr 



<i 1 • — » 



<-^ = (2n + 4n||4n)||4n 

= (2Q + 2Q) || 4 n 
= = 2Q 




7 _ ^ _6V-2 V_4 V 



4Q 4Q 
1 A 

(4Q||2Q)(2 V) 
(4Q||2Q) + 4Q 
= 0.5 V 
V 0.5 V 



4Q 



7? 2D. 



= 0.25 A 
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I-h= 1 A -0.25 A = 0.75 A 



24. (I): (a) R = R Th = 9.76 Q (from problem 12) 
(II): (a) R = R Th = 2Q. (from problem 12) 

(I) : (b) Pmax = E 2 n /4R Th = (9.28 V) 2 /4(9.76 Q) = 2.21 W 

(II) : (b) P m3X = E 2 Th /4R Th = (60 V) 2 /4(2 Q) = 450 W 

25. (I): (a) R = R Th = 10 Q (from problem 14) 
(II): (a) R = R n = 4.03 kQ (from problem 14) 

(I) : (b) P m3X = E 2 Th /4R Th = (2 V) 2 /4(10 Q) = 100 mW 

(II) : (b) P m3X = E 2 Th /4R rh = (12 V) 2 /4(4.03 kQ) = 8.93 mW 

26. R L = R Th = 4.04 kQ (from problem 1 5) 
E Th = 9.74 V (from problem 15) 

^max = E 2 Th l4R Th = (9.74 V) 2 /4(4.04 kQ) = 5.87 mW 

27. a. 




b. 



E: 




I: 




E Th = E' Th + E" Th =12V+10V = 22V 
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c. 



P = fR = 



\ R Th + R J 



R 



R = 


-(2Q) 


= 0.5 Q.,P= 38.72 W 


R = 


-(2Q) 


= 1 Q,P = 53.78 W 


D — 

K — 


3 

— (Z 11) 

4 


— 1 C O D — CO n Wl 

— l.j 11, r — T>y.Z 1 W 


R = 


2Q,P = 


60.5 W 


R = 


|(2fi) 


= 2.5 Q,P = 59.75 W 


R = 


|(2Q) 


= 3 Q, P = 58 W 


R = 


-(2fi) 
4 


= 3.5Q,P = 56 W 


R = 


2(2 Q) = 


: 4D,P= 53.78 W 



A P W 



70 
60 
50 
40- 
30 
20 
10 
0 



P =60 5 W 

max ^ 



R = R r „= 2 a 



0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 R(Q) 



28. Pmax 



\ R Th + R A J 



with R\ = 0 Q En is a maximum and Pa a minimum 
•'• Pmax a maximum 



29. a. 




F, and therefore V4, will be its largest value when R 2 is as 
large as possible. Therefore choose R 2 = open-circuit (go Q.). 

Then P 4 = — — will be a maximum. 

Ra 



b. No, examine each individually. 



30. 
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Since R L fixed, maximum power to R L when V R a maximum as defined by P L = — - 



R, 



i? = 500Qand J P IT 



(12 V) 2 
100 D. 



1.44 W 



31. 



4A 0 > 10n (JJ) 



)7A >6fl <3Q V L 



/ r T = 4A + 7A=llA 

= 10 Q || 6 Q || 3 Q = 1.67 n 
V L = I T R T =(n A)(1.67 Q)= 18.37 V 



4 "x 



K, 18.37 V 



3Q 



6.12 A 



-5 V/2.2kQ + 20 V/8.2 kQ 
32. £ eq = ^— = 0.2879 V 



1/2.2 kQ + l/8.2kQ 
1 



^ eq = — — — — — = 1-7346 kQ 



1/2.2 kQ + 1/8.2 kn 



. E eq 0.2879 V 

7i = 2 — = = 39.3 uA 

R eq +R L 1.7346 kQ + 5.6 kfi 

V L = I L R L = (39.3 uA)(5.6 kQ) = 220 mV 

33. Ijl = 5 A-0.4 A-0.2 A = 4.40A 

R T = 200 Q || 80 Q || 50 O || 50 Q = 17.39 Q 
V L = I T R T =(4A0 A)( 17.39 fi) = 75.52 V 

^ 200 n 

34 7 (4 A)(4.7 Q) + (1.6 A)(3.3Q) = 18.8 V + 5.28 V _ 3Q1A 



4.7Q + 3.3Q 8Q 



« eq = 4.7n + 3.3Q = 8Q 

7 = ^eq^eq) _ 8Q(3.01A) 

1 R eq +R L 8 Q + 2 - 7 Q 

Ki = I[Rl = (2.25 A)(2.7 Q) = 6.08 V 



= 2.25 A 
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35 <- = (4 mA)(8.2 kQ) + (8 mA)(4.7 kQ) - (1 0 mA)(2 kQ) 
eq 8.2kQ + 4.7kQ + 2kQ 

32.8 V + 37.6 V -20 V „ „ D . 

— = 3.38 mA 



14.9 kQ 

tf eq = 8.2 kQ + 4.7 kQ + 2 kQ = 14.9 kQ 

= = (14.9kQ)(3.38mA) = ^ mA 

^ eq + ^L 14.9 kQ + 6.8 kQ 
= IlRl = (2.32 mA)(6.8 kQ) = 15.78 V 



36. 15 kQ || (8 kQ + 7 kQ) = 15 kQ || 15 kQ = 7.5 kQ 
7.5 kQ(60 V) 



V ah = 

lab = 

.1 



7.5kQ + 2.5kQ 
45 V 

= 3 mA 



= 45 V 



15kQ 



-=- 45 V 



I 



[1) 3 mA 
b 



-4 kQ 



-=-53V 

b 



37. 



L 3 o 

^2 kQ 



'Da 

v^Hi|i-g- 



0.51 kQ 



10 V 



►1.5 kQ 



498.75 nA 
»b 



■e 



19.6 1 mA 
b 



9.75 V 



0.51 kQ 
] —% ' 



= 10 V-8 V 

ba 2kQ + 0.51kQ + 1.5kQ 
= 498.75 

F 0 . 51kn = (498.75 uA)(0.51kQ) 

= 0.25 V 
Kb = 10 V- 0.25 V = 9.75 V 



38. 



7=5A 



5A 



(b 



/ = OA 



r4Q 



I12Q <8Q 



7= OA 



t" 6 /-0At 



5A 



7= 5A 



.'. R 2 = short-circuit, open-circuit, any value 



V ah = 0 V (short) 
I ah = 0A (open) 

any resistive value 
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24 V I 

39. a. /,= 1— — = 1.5 mA, 7 = -*- = 0.5 mA 

24 kD 3 
8kQ + 



b. 




12 ka 24 kQ 



L = 



24 V 



24kQ + 8kQ||12kQ 



0.83 mA 



7- ' 2tn<; ' ) =M-A 
12kQ + 8kQ 




4kQ 



10 V 



4kQ||8kQ + 4kQ||4kQ 
10 V 



2.67kQ + 2kQ 
10V 



4.67 kQ 



= 2.14 mA 



= 8Q(/ r ) = = =107mA 

8Q + 4Q 

I=h-h= 1.43 mA- 1.07 mA = 0.36 mA 



(b) 



4 kQ 



4 kQ 



^4 kQ v 2 

1 . Ik + 





£8kQ V 1 




t'. * 





= (8kQ||4kQ)(10 V) 
1 8kQ||4kQ + 4kQ||4kQ 
= 5.72 V 

h = =0.71 mA 

8kQ 

V 2 = E- V x = 10 V-5.72V 
= 4.28 V 

7 2 = = 1.07 mA 

4kQ 

7= I 2 -Ii = 1.07 mA -0.71 mA 
= 0.36 mA 



41. 



a. 



'* 2 = 



3 Q(6 A) 



R i +R 2 +R 3 3Q + 2Q + 4Q 



= 2 A 



V= I Rl R 2 =(2A)(2Q) = 4V 



b. 



7 *: = 



R 2 (I) 



2 Q(6 A) 



R l +R 2 + R 3 3D + 2Q + 4Q 



= 1.33 A 



V= I R R X =(1.33A)(3 Q) = 4V 



CHAPTER 9 



105 



Chapter 10 



r 2 (2 m) 2 



r 2 (1 mm) 2 
W{\ mm): f(2m) = 4x 10 6 : 1 



2 . y = «g^, = Ijg (9xlO'X2^C) „ 



2 



72 N/C 



3 . c -e.- l ™*-m* 

V 10V 



4. g = CV= (0.15 //F)(45V) = 6.75 pC 



. K 100 mV _ ftX7/ 
5. £f= — = = 50 V/m 

c? 2 mm 



6. c/= 10 pils 



10' 3 >f" 
ljjrif 



lm 



39.37>r / _ 



= 0.254 mm 



K 100 mV 
= = 393.70 V/m 

d 0.254 mm 



7 . F= e.i^c ^ 40V 



C 4//F 
F_ 40 V 
fi? 5 mm 



8 x 10 3 V/m 



8. C=8.85 x 10" 12 8 r — =8.85 x 10 12 (1) (Q1 m \ = 442.50 pF 

d 2mm 

9. C= 8.85 x 10~ 12 e r - = 8.85 x 10 12 (2.5) ((U m - = 1.11 nF 

d 2 mm 

,n ^ ooc ,n-12 ^ j 8.85 X 1 0~' 2 (4)(0. 1 5 m 2 ) 

10. C=8.85xl0 =>rf= — -=2.66 /an 

d 2 //F 

11. C = e r C 0 => e r = — = - n ^ = 5 (mica) 

C Q 1200 pF 
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12. 



a. C = 8.85 x 10- 12 (l) ( °- 08m2) = 3.54nF 

0.2 mm 



13. a. 



b. ^ = ^°^=10«V/m 

J 0.2 mm 

c. Q = CV= (3.54 nF)(200 V) = 0.71 //C 
V 200 V 



= 10° V/m 



d 0.2 mm 

b. Q = s gG4 = s r e 0 854 = (7X8.85 xl0~ 12 )(10 6 V/m)(0.08 m 2 ) = 4.96 jiC 



c. C= e = ^M£= 2 4. 8 o nF 
K 200 V 



14. a. C= ^(5//F) = 2.5^F 

b. C=2(5//F) = 10//F 

c. C = 20(5 <uF) = 100 //F 



(4) 



d. C = 



(5 //F) = 26.67 /jF 



15. 



17. 



, 8.85 xlO" 12 ^ (8.85xl0- 12 )(5)(0.02m 2 ) niAne 
d = : — = ; — ' = 0.1475 mm = 147.5 jum 



0.006 juF 



d= 0.1475 mm 
5.807 prfls 



io"V 



16. mica 



1 mm 
5000 V " = 

1200 V 



1000 mils 



= 5.807 mils 



29.04 kV 



5000V 
0.24 mils 



1200 V 



1000 mils 



5000 V 
1 m 



39.37j< 



0.24 mils 



= 6.10 /an 



200 
lxlO 6 



(22 fiFyC = 4400 pF/°C 



4400 pF 4400 pF 

P -[AT] = J [80°C] = 0.35 //F 



°C 



°C 



18. J = +5%, Size => 40 pF ± 2 pF, 38 pF -> 42 pF 
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19. M = ±20%, Size => 220 //F ± 44 //F, 176 //F -> 264 /*F 

20. K = ±10%, Size => 33,000 pF ± 3300 pF, 29,700 pF -> 36,300 pF 



21. a. t = /?C=(10 5 Q)(5.1 liF) = 0.51 s 

b. = E(l - e~' /x ) = 20 V(l - e~ mM s ) 

c. It = 0.632(20 V) = 12.64 V, 3x = 0.95(20 V) = 19 V 
5t = 0.993(20 V) = 19.87 V 



20 V 



'c 



e tk = 0.2 mAe 



-f/0.51 s 



lOOkQ 
t* = = 20 V<f' /0 - 51s 



22. 




5x = 2.5 s 



x = RC=(l0 6 Q)(5.1 //F) = 5.1 s 

It = 12.64 V, 3x = 19 V, 5x = 19.87 V 



A 'c (mA) 
--0.2 mA 




e. Same as problem 21 with 5x = 25 s and I m = 20 juA 



5x = 2.5 ms 
b. v c = E(l- e -' h ) = 20 V(l - e- m is ) 



. 20 V _ th -t/s.u 
a. Iq e 2\) e 



1MQ 

v R = Ee th = 20V e 



23. a. x = RC = (2.2 kQ + 3.3 kQ)l liF = (5.5 kQ)(l //F) = 5.5 ms 



b. = E(l - e ~" T ) = 100 V(l - e' 05 - 5 ms ) 

c. lx = 63.21 V, 3x = 95.02 V, 5x = 99.33 V 

100 V _ th 



d. ic-— e 



5.5 kQ 



-<? = 18.18 mAe 



t/5.5 ms 



= 3.3kD(100V) =6QV 
2 3.3kQ + 2.2kQ 
Or= v r =60V<T' /5 - 5ms 
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e. 



,%(V) 




5x = 27.5 s 



A 'c (mA) 
--18.18 




■ I 

5x = 27.5 ms 



24. a. x = RC = (56 kQ)(0. 1 [iF) = 5.6 ms 



b. v c = E(l- e th ) = 25 V( 1 - g -' /5 - 6ms ) 



C. lr = — e 
7? 



25 V e-' /T = 0.45mA^ /5 - 6ms 



56kQ 



25. 



d. 



a. 




A fc( mA ) 
0.45 -- 



5x = 28 ms 




5x = 28 s 



c. 



v c = 60 mV(l - e - 2ms/5ms ) = 60 mV(l - e* A ) = 60 mV(l - 0.670) 



60 mV(0.330) = 19.8 mV 
60 mV(l - e - 100ms/5m 
= 60 mV(l) = 60 mV 



vc = 60 mV(l - e - 100ms/5ms ) = 60 mV(l - e 2(y ) = 60 mV(l - 2.06 x 10") 



26. 



27. 



a. 
b. 

c. 

d. 
e. 
f. 



a. 
b. 



t= 40 ms, 5r = 5(40 ms) = 200 ms 
C 10 //F 

vc (20 ms) = 12 V(l - e - 20ms/40ms ) = 12 V(l - e" 0 ' 5 ) 

= 12 V(l - 0.607) = 12 V(0.393) = 4.72 V 
v c = 12 V(l - <?~ 10 ) = 12 V(l - 45 x 10~ 5 ) = 12.0 V 
Q = CV= (10 //F)(12 V) = 120 /jC 
t=RC={\OWx 10 6 Q)(10//F) = 10x 10 3 s 



5r=50 x 



.ljjam 



lh 



60jjiifi 

t= RC= (2 kQ)(100 //F) = 200 ms 



= 13.89 h 



v c = E{\- e HIT ) = 8 V(l - e -' l200ms ) 



ic- 



-t/r 



R 



c. vd\ s) = 8 V(l -e 



— e -" 200ms =4mAe-" 2mms 

-ls/200ms- 



) = 8 V(l -e~ 5 ) 



= 8 V(l - 6.738 x 10~ 3 ) = 8 V(0.9933) = 7.95 V 
z c (l s) = 4 mAe" 5 = 4 mA(6.738 x 10~ 3 ) = 26.95 fjA 
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v c = 7.95 v e -' l200ms 
= 195V g _ (/200ms = mA ^/2»o ms 
2kQ 



ic 




3.98 mA 



> f 




4— ► t 



5x = 1 s 



28. 



t= RC = (3 kQ + 2 kQ)(2 //F) = 10 ms 



u c = 50 V(l-^ /10ms ) 



50 V _,/i0ms 

-e 



10 mA 



-r/10ms 



5kQ 

= ic • i?i = (10 mA)(3 kQ) e -" l0ms ■ 



30 Ve 



-moms 



100ms: e 



-io . 



45.4 x 10 



-6 
->-6\ 



v c = 50 V(l - 45.4 x 10"°) = 50 V 
i c = 10 mA(45.4 x 10~ 6 ) = 0.45 /*A 
= 30 V(45.4 x 10~ 6 ) = 1.36 mV 

c. 200 ms: r' = ^ 2 C = (2 kQ)(2 //F) = 4 ms 



u c = 50 Ve-" 4 ™ 

i c = -^ e -t<*™ =-25mAe- mms 
2kQ 



v R = v c = -50 \e 



-(/4ms 



d. 




5x = 50 ms 



10 mA 



50 V 



200 ms 
5x = 20 ms 



5x = 20 ms 



300 ms 



> t 



100 ms 



200 ms' 



5x = 50 ms 



->- f 



-25 mA 
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20 V 




5x = 20 ms 



->■ t 



5x = 50 ms 



-I 100 ms 



200 ms 



-50 mA 



29. 



a. t= RC= (5 kQ)(20 //F) = 100 ms 



b. 



i; c = 50 V(l-tf' /100ms ) 



ic~ 



50 V 
5kQ* 



-//100ms 



10 mA<T' /100ms 



-//100ms . 



30 Ve 



= z c • 7?i = (10 mA)(3 kQ) <? 
100ms: e x = 0.368 

i; c = 50 V(l - 0.368) = 50 V(0.632) = 31.6 V 
i c = 10 mA(0.368) = 3.68 mA 
Uj, = 30 V(0.368) = 11.04 V 



-//100ms 



200 ms: if = R 2 C = (2 kQ)(20 jUF) = 40 ms 
ut = 31.6 Ve 



-f/40ms 



31.6 V _,/40 ms 

lr= e 

2kQ 

v R = -Vc = -31.6 \e 



-15.8 mAe 

-//40ms 



-r/40ms 



50 V 




10 mA 



100 ms 




,3.68 mA 



200 ms 



300 ms 



200 ms 



300 ms 




100 ms 



-1.3 mA 



-15.8 mA 
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I x 



20 V 




7.34 V 



200 ms 



300 ms 




100 ms 



-31.6 V 



-2.6 V 



30. 



r^C^lO 5 Q)(10pF) = 1 //s 
u c = $0v(l-e" 1/JS ) 



ic = 



80 V "~ t,r = 0.8mA<T f/1 " s 



lOOkQ 



t!=B!C= (490 kQ)(10 pF) = 4.9 //s 
v c =WVe-" T '= 80\e t/4 - 9 * w ~ 6 
ic= -^- ( > ' ' 0.16 mAe' 49 * 10 " 




► /(US) 



0.16 



31. a. r= J KC=(2mQ)(1000//F) = 2//s 
5r= 10 //s 



^ 6V 
b. 4 = — = = 3 kA 

2mQ 



c. yes 
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32. a. v c = V f + {Vj- Vf)e 

r=/?C=(10kfi)(2//F) = 20ms, K/=50V, K, = -10V 
v c = 50 V + (-10 V - (+50 V)) e -" 20ms 
uc = 50 V-60 V<r' /20ms 



b. Initially = E + v c = 50 V + 10 V = 60 V 

. _ Vr -tlx 60 V _ tl 20ms -f/20ms 

i c e = e bmAe 

R 10 kQ 





5x = 100 ms 



33. t=RC= (2.2 kQ)(2000 //F) = 4.4 s 
u c = ^ /r =40V<r' /4 - 4s 

7 C = = -^_ e -" 4 ' 4 ' = 18<18 mAe -MA* 

R 2.2 kQ 

v R = v c = 40\e-" 4As 

34. ut= P>+ (F; 

t=RC= (860 Q)(4000 pF) = 3.44 //s, P/= -30 V, V t = 20 V 

u c = -30 V + (20 V - (-30 W)) e -' iiM ^ 

o c = -30 V + 50 V^ ,/3 - 44/s 

T 20V + 30V 

7 m = = 58.14 mA 

860 Q 

i c = -5$.UmAe-* 3Mf « 



CHAPTER 10 



113 




35. 



♦r 
-i 



18.2 kQ ^ 



52 V 



+ 

12 v: 



t= RC= (18.2 kQ)(6.8 juF) = 123.8 ms 
ic u c =F / +(F ! -F / )^ /r 

+ =52 V + (12 V-52 v)<T' /123 - 8ms 

" 68 vc = 52 V - 40 V<T' /123 - 8 ms 

u fl (0+) = 52 V- 12 V = 40 V 



ic = 



40 V 
18.2kQ 



= 2.20 mA<? 



-f/123.8 ms 



-f/123.8 ms 



36. 



a. 




> t 

5x = 61 9 ms 



2.20 mA 




— i— ► f 

5x = 619 ms 



v c = 12 V(l - e ' l0fEl20fJS ) = 12 V(l - e~°- s ) = 12 V(l - 0.607) 
= 12 V(0.393) = 4.72 V 



v c = 12 V(l -e Ul/Z ) = 12 V(l -e u ) = 12 V(l -45.4 x 10~ b ) 
= 12 V 



6 V= 12 V(l - e -" 20fJS ) 
-0.5 = - e -" 20 ^ 



0.5 



-«/20 //s 



log, 0.5 = log, e-" 20 " 8 

-0.693 = -t/20 {js 

t = 0.693 (20 fa) = 13.86 //s 
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37. 



38. 



d. v c = 11.98 V= 12 V(l -e' /20 ^ s ) 



0.998= 1 - e -" 20/JS 



-0.002 



-</20 //s 



0.002 = - e - m " 
log e 0.002 = -t/20 ^ 
-6.215 = -1/20 //s 
f=(6.215)(20 //s) = 124.3 /« 

t=RC = (33 kQ)(20 //F) = 0.66 s 
u c = 12V(1 - e -' /0 - 66s ) 
8 V= 12 V(l - e -" 0Ms ) 
8 V= 12 V- 12 Ve"' /0 - 66s 
-4 V = -12 V^' /0 - 66s 
0.333 = e -' /066s 
log, 0.333 = -f/0.66 s 
-1.0996 = -?/0.66s 
t= 1.0996(0.66 s) = 0.73 s 



t=-T log, 



10 s = -rlog< 



1- 



1- 



12V 

20 V 

I 

I 

.4 , 



I 



-v-3 



10s 



0.916 

t=RC^R 



-916.29 x 10" 
= 10.92 s 

- 10.92 s 



C 200 juF 



54.60 kQ 



39. a. r= + ^ 2 )C = (20 kQ)(6//F) = 0.12 s 

u t = jB (l_ e -«") 

60 V = 80V(1 - e -" 0 l2s ) 
0.75 = 1 - e-" 0A2s 
0.25 = e-' /012s 

f = -(0.12s)(-1.39) 
= 166.80 ms 



b. i c : 



7? 



80 V 



166.80 ms 

o.i2s = 4 mAe" 1 " 39 



20 kQ 
(4 mA)(249.08 x 10~ 3 ) 
1 m\ 
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i c = 4 mKe" z = 4 mA^ 2l/r = 4 mAe 2 

= 4mA(135.34 x 10~ 3 ) 
= n m a 



C. z s — Zr — 

- 0.54 mA 
P s = EI, = (80 V)(0.54 mA) 
= 43.20 mW 



40. a. r=«C=(lMQ)(0.2//F) = 0.2s 
rj c = 60 V(l - e- m2s ) 

. E e _ t/T= 60^ e _ t/02s=6 _ 

R 1MQ 
^ =&-' /r =60V^ /0 - 2s 



v c : 0.5 s = 55.07 V 
1 s = 59.58 V 



z c : 0.5 s = 4.93 V 
1 s = 0.40 V 




8 //A = 12 yKe 1 
0.667 = e* 
log e 0.667 =-t 
-0.41 =-t 
t = 0.41 s 



if = RC = (1 MQ + 4 MQ)(0.2 //F) 

= (5 MQ)(0.2 //F) 

= 1 s 

60 V _ t „ 

z c = e =12 /Ae 

5MQ 



u c = 60 Ve 
10 V =60 Ve ' 
0.167 =e~' 
log, 0.167 =-t 
-1.79 = -f 
t = 1.79 s 
Longer = 1.79 s - 0.41 s = 1.38 s 

41. a. v m =v R = Ee ,lT = 60 Ve" 1 * T = 60 Ve" 1 
= 60 V(0.3679) 
= 22.07 V 



i • E -tit 60 V _2r/r a -2 

b. i c = — e = e =6uAe 

R 10 MQ 

= 6//A(0.1353) 

= 0.81 fiA 
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c. u c = E(\-e tlT ) 

50 V= 60 V(l - e -" 2s ) 
0.8333 = 1 -e tll% 
log, 0.1667 = -?/2s 

t = -(2 s)(-1.792) 
= 3.58 s 



r = -RC=(10M£2)(0.2 y uF) = 2s 



42. 



Thevenin's theorem: 

R Th : 



8 kC2 



:24 kQ 
O 



En. 



ra - 8kQ || 24kQ 1^20 V 
= 6kQ 




6 kQ 



15 uF 



=- 15V 



24UX20V) ^ lsy 
24 kQ + 8 kQ 



4kQ r = i?C=(10kQ)(15//F) = 0.15 s 
v c = E{\ -e-" 1 ) 

= 15 V(l-<T' /0 - 15s ) 



• _ E _ tlr 
lc --e 



15V - e - ,/0 ' 15 =1.5mA^ ,5i 



10 kQ 



b. 




5x = 0.75 s 




43. a. Source conversion and combining series resistors: 

t= RC= (8.3 kQ)(2.2 //F) = 18.26 ms 



o c = V f +(Vi- V f )e- ,lT 

= 27.2 V + (2 V - 27.2 V)e 
v c = 27.2 V- 25.2 v*T' /18 - 26ms 
Ur(0+) = 27.2 V - 2 V = 25.2 V 

. 25.2 V i 8 .26ms 

i c e 

8.3 kQ 

/ c = 3.04mA<f' /18 - 26ms 



-(/18.26 ms 



b. 



27.2 V 




A'c 

--3.04 mA 



5x = 91.3 s 




■ \ 

5x = 91.3 ms 
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44. 



R Th = 3.9 kQ + 0 Q || 1.8 kn = 3.9 kQ 

£ ra = 36 V 



3.9 kQ 
- J \Mr- 



-o^ o- 



-=- 36 V 



+ 



20 nF 4 V 



-f/78 ms 



r= ^ C = (3.9 kQ)(20 //F) = 78 ms 
o c = V f + (Vi - V])e tlT 

= 36 V + (-4 V - 36 V)e" 
i; c = 36 V-40 Vtf' /78ms 
u R (0+) = 36V + 4V = 40V 



40 V 



-f/78 ms 



3.9 kQ 
z c = 10.26 mAe"" 78n,s 



b. 




5x = 390 ms 



A'c 



--10.26 mA 




■ 1 

5x = 390 ms 



45. Source conversion: 

E = IR\ = (5 mA)(0.56 kQ) = 2.8 V 

R' = Ri+R 2 = 0.56 kQ + 3.9 kQ = 4.46 kQ 




R Th = 4.46 kQ || 6.8 kQ = 2.69 kQ 

4V-2.8V 1.2V 



6.8 kQ + 4.46 kQ 11.26kQ 
E n = 4V- (0.107 mA)(6.8 kQ) 
= 4 V - 0.727 V 
= 3.27 V 



= 0.107 mA 




Oc=3.21 V(\-e-" T ) 
t = RC= (2.69 kQ)(20 jUF) 
= 53.80 ms 
v c = 3.27 V(l-e-' /53 - 80ms ) 



3.27 V 
2.69 kQ C 
= 1.22 mA e 



-tlx 



-(/53.80 ms 
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46. 



a. 




6.8 kC2 



d c ^ 39 nF 3 V 
-=-20 V 



-(/265.2 ms 



r=7?C=(6.8kQ)(39 //F) = 265.2 ms 

= 20 V + (3 V - 20 V)e~ 
(; C = 20V _ 17 v<r' /265 - 2 ms 
o R (0 +) = 20 V-3 V= 17 V 

• _ 17 V (/265.2 ms 

6.8 kQ 

■ — i c ™ * -r/265.2 ms 



b. 




> f 



1.33s 




5x = 1 .33 s 



47. 




R Th = 2 MQ II 10 MQ = 1.67 MQ 



7r~ 1 HF £ 



r/i 



10MQ(24 V) 
10MQ + 2MQ 



= 20 V 



Oc = En{\ -e- ,lT ) 
= 20 V(l -e^ dT ) 
= 20 V(l -e" 4 ) 
= 20 V(l -0.0183) 
= 19.63 V 



t=RnC={\.61 MQ)(1 //F) = 1.67 s 



— < 
R 



-tlT 



3 //A = 



20 V _ e _ t/1 . 67s 



1.67 MQ 

-(/1.67s 



0.25 = e 
log e 0.25 = -tl\.61 s 

? = -(1.67 s)(-1.39) 
= 2.32 s 



c. 



^meter 

v c - 

10 v = 
0.5 ■■ 
-0.5 
log e 0.5 
t- 



e tlT ) 

-(/1.67s 



E n (l 

20 V(l - e -' IL61s ) 

. -f/1.67s 

= -?/1.67 s 
-(1.67 s)(-0.69) 
1.15 s 
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At 



= 10mA 



0^4ms: i c = 2x lO 6 -^^ 

4 ms 

4^6ms: i c = 2 x 10~ 6 ^^ = 0 mA 

2 ms 

6- > 7 ms: i c = 2x 10~ 6 (2 ° V ^ = 40 mA 

1 ms 

7- >9ms: i c = 2 x 10~ 6 ^^ = 0 mA 

2 ms 

9-> 1 1 ms: i c = -2 x 10~ 6 (4 ° ^ = -40 mA 

2 ms 



40 
30 
20 
10 



40 mA 



10 mA 



H I- 



0 mA 



0 mA 
■+■ 



0 mA 



-10 
-20 
-30 f 
-40 



8 9 



1( 



11 



f(ms) 



-40 mA 



49. 



At 



(-5 V) 

0->20//s: i c =4.1 ft- -=-1.18 A 

20 jus 

20 -> 30 //s: i c = 4.7 //F^^ = 0 A 



30->50//s: i c =4.1 ft 
50->80//s: i c =4.1 ft 
80->90//s: i c =4.1 ft 



10//S 
(+10V) 

20 /fi 
(-15V) 



90 //s-> 100 //s: i c = 4.1 ft 



30 //s 
(+10 V) 
10 //s 
(OV) 



10//s 



+2.35 A 
= -2.35 A 
= +4.7 A 
= 0A 
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4.7 A 




50. 



z'c= ( Av, 



c ~ — 0c) 



A? C 
0^2ms: z c = OmA At; c =OV 

2^6ms: z c = -80 mA A(J C = (-80 mA) = -8 V 

20 jUF 

6->16ms: z c = +40mA Av c = (10ms ) (40 mA) = +20 V 

20 //F 

16 -> 18 ms: z c = 0mA Ay c =0V 

18 -> 20 ms: i c = -120 mA At; c = (-120 mA) = -12 V 



20 juF 



20 -> 25 ms: z c = 0mA A(J r =0V 



♦ 12V 




51. C r = 6 //F + 4 //F + 3 //F || 6 //F = 10 //F + 2 //F = 12 ^uF 

52. C' T = 6 £iF \\ 12 juF = 4 juF 

Cj = C' T + 12 juF = 4jLiF + 12 juF = 16 jUF 

6//F + C" 6//F + 16//F 
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53. Vi = 10 V, Q x = V X C X = (10 V)(6 ft) = 60 ft 

C T = 6 ft || 12 ft = 4 //F, g r = Ct£ = (4 //F)(10 V) = 40 //C 

e 2 = e 3 = 40/K: 



r 2 = 



g 2 = 40//C 
C 2 6//F 



12//F 



= 6.67 V 



3.33 V 



54. C T = 1200 pF || (200 pF + 400 pF) 1 1 600 pF 

= 1200 pF || 600 pF || 600 pF = 1200 pF || 300 pF 
= 240 pF 

Q T = C t E = (240 pF)(40 V) = 9.60 nC 
Qi = Q 4 = Qt=9.60 nC 



55. 



9.60 nC 



8.00 V, V 4 



9.60 nC 



C x 1200 pF C 4 600 pF 



16.00 V 



r 2 =F 3 = J E , -F 1 -F4 = 40V-8V-16V = 16V 

Q 2 = C 2 V 2 = (200 pF)(16 V) = 3.20 nC, g 3 = C 3 F 3 = (400 pF)(16 V) = 6.40 nC 




■ 72 (J.F 



(9//F)(72//F) _ 



8 ft 



9 ft + 12 ft 

8//F+ 10 ft= 18 //F 
(9//F)(18//F) 



Cr — 



9 //F + 18 ft 
Q=C T E = (6 //F)(24 V) = 144 ft, 
Qi = 144 ft 

Fi= a = i44^ = 16V 

C, 9//F 
^ 2 = £- Fi = 24V- 16V = 8V 
g 2 = C 2 V 2 = 10 //F(8 V) = 80 ft 
Q 3 ^ = CT=(8 //F)(8 V) = 64 //C 
g 3 = g 4 = 64 ft 



= 6 ft 



& 64 ft 



9//F 



= 7.11 V 



a = 64^c =0-89V 

C 4 72 //F 



_ 4kQ(48V) _- ?v _ F 
56. K 4k n - — - — — - 32 V Ko.os^f 
4 kQ + 2 kQ 

fio.o8^F = (0.08 //F)(32 V) = 2.56 ft 



Vi 



0.04//F ■ 



48 V 



go.ovF = (0.04 //F)(48 V) = 1.92 ft 
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57. W c = ^CV 2 = ^ (120 pF)(12 V) 2 = 8,640 pJ 



58. W= ^ => Q = V2C^f = ^2(6 //F)(1200 J) = 0.12 C 



59 . a . rw . v ^a.„ 

3 kQ + 6 kQ 

W 6flF = ^CV 2 = i (6 //F)(8 V) 2 = 0.19 mJ 
= ^CF 2 = ^ (12 //F)(8 V) 2 = 0.38 mJ 



(6^)02^) 
6//F + 12//F 
gr = C r F = (4 juF)(S V) = 32 //C 

26/iF = 2l2,uF = 32 /jC 

C 6 //F 

0 32 uC 
*W = - = — ^ = 2.67 V 

ff 6/< F = ^-CF 2 = ^ (6 //F)(5.33 V) 2 = 85.23 //J 
= ^CV 2 = ^ (12 //F)(2.67 V) 2 = 42.77 /aJ 



60. a. W c = ^CV 2 = (1000 //F)( 100 V) 2 = 5 pJ 



b. g = CF= (1000 //F)(100V) = 0.1 C 

c. I =Q/t = 0.1 C/(1/2000) = 200A 

d. P = V av I av =W/t=5 J( 1/2000 s) = 10,000 W 

e. *=g//=0.1C/10mA=10s 
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a. B 



O 4xl(T 4 Wb 



A 0.01 

b. 0.04 T 

c. F = NI= (40 t)(2.2 A) = 88 At 



= 4 x 10~ 2 Wb/m 2 = 0.04 Wb/m 2 



d. 0.04^ 



10 gauss 



0.4 x 10 gauss 



A= *J_ = x(5mm) = 19 63 xl0 -6 m 2 
4 4 

r _ 7V 2 //J _ (200 t) 2 {An xl0~ 7 )(l 9.63x1 0~ 6 m 2 ) c _ 
^ 100 mm 



3. d= 0.2 jut: 



lm 



39.37X- 



= 5.08 mm 



A= ^ = m^L = 2 o.27 xlO-m 2 



* = i.6 jit: 



lm 



39.37]^ 



= 40.64 mm 



N l n r Li 0 A _ (200 t) 2 (500)(4^xl0- , )(20.27xlQ- t ' m 2 ) 
^ 40.64 mm 



= 12.54 mH 



4. 



£ _ N 2 M r M 0 = (200t) 2 (1000)(4^xl0- 7 )(1.5xlQ- 4 m 2 ) _ gQ 2? mH 
£ 0.15 m 



N 2 MrMo A 



a. L' = (3) 2 L C = 9L 0 = 9(5 mH) = 45 mH 

b. L' 

3 

(2)(2) 2 



-L Q = -(5 mH) = 1.67 mH 

3 3 



L' = 



-L a = 16 (5 mH) = 80 mH 



( \ \ 



L' = 



1 



(1500)L o 



1 

2 



= 375(5 mH) = 1875 mH 



a. 12 x 10 3 //H ± 5% => 12,000 //H ± 600 //H =^> 11,400 /M ->12,600 //H 

b. 47 /M ± 10% => 47 fM ± 4.7 //H =^> 42.3 ->51.7 //F 
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e = N— = (50 t)(120 mWb/s) = 6.0 V 
dt 



. T d0 d<j> e 20 V 

e = TV— => — = — = = 100 mWb/s 

dt dt N 200 1 



9. 



e=N^^N=e 
dt 



r \ 



1 



d(f) 



:42mV 



1 



3 m Wb/s 



14 turns 



10. 



a. 



e= L — - 
dt 

di L 



= (5 H)(l A/s) = 5 V 



b. e = L — - = (5 H)(60 mA/s) = 0.3 V 



dt 

e= L — - 
dt 



(5 H) 



0.5 A 



1000 pa^" 
1 s 



= 2.5 kV 



11. 



Z^=(50mH) 
dt 



"O.lmA^ 



5 V 



L 250mH 

12. a. r= — = =12.5ws 

7? 20kQ 



b. 



£ _„ 40 mV _„ 

Zi= — (l-e ) = (1 - e ) 

20 kQ ' 



= 2 ^A(l - £ 



-f/12.5/6- 



) 



C. 



Ui = Ee-' /r =40 mVe"" 12 ' 5 ' 4 

t!s = ijsfl = iii? = £(1 - = 40 mV(l - e'" 12 ^) 



d. z' L : lr=1.26//A, ,3r=1.9/iA, 5r=1.99//A 
tt: 1 r= 14.72 V, 3 r= 1.99 V, 5 t= 0.27 V 



e. A / L (nA) 




A u L (mV) 



5x 
(62.5 us) 



>f(H8) 




5x 
(62.5 us) 



>f(HS) 
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L 5 mH 
r= — = = 2.27 us 

R 2.2 kQ 



i L = |(1 - «f") = (1 - e-"^) = 5.45 mA(l - e« 2 - 21 ") 

R 2.2 kQ 



v L = Ee-" T =U \ e -" 2 - 21 ^ 

v R = i R R = i L R = E(l- e tlT ) = 12 V(l - e'" 2 - 27 ^) 

i L : 1 r= 3.45 mA, , 3r= 5.18 mA, 5r = 5.41 mA 
v L : 1 r= 4.42 V, 3r = 0.60 V, 5r= 0.08 V 



A 'L(mA) 




A u L (V) 



R (20Q + 10Q) 30 Q 



>t(ys) 



= 66.67 ms 




5x 
(11.35 us) 



>f(jis) 



v L = -E(l - e t,T ) = -12 V(l - e -' /66 - 61 ™) 

e 



E -tit _ 12 V ^_ ( /66 .67ms _ _^QQ ^-'M ms 



? £ = e = 

R 30 Q 



1 


k u L 5x = 333.35 ms 






1 


— *- 


0 




f 


12V 






k = 







I 'i- 5t = 333.35 ms 




-400 mA 



, s a t E 36V 
/, = 8 mA, I f = — = 



9.23 mA, t= — 



120 mH 



R 3.9 kQ R 3.9 kQ 

z'i = 9.23 mA + (8 mA - 9.23 mA)<?~' /3a77 ^ 
i L = 9.23 mA - 1.23 mAe" fflai7 " 



= 30.77 //s 



+£■ - o L -v R =0 and i> £ = E-v R 



v R = i R R = i L R = (8 mA)(3.9 kQ) = 3 1 .2 V 
u L =E - u R = 36 V -31.2 V = 4.8 V 
14 = 4.8 V^' 730 - 77 ^ 



b. 



A 4 



8 mA 



9.23 mA 



4.8 V 



-> t 




5x = 153.85 us 



5x= 153.85 us 



-> f 



o . T r,^ a L 120 mH 
16. a. /, = -8 mA, /,= 9.23 mA, r= — = 

f i = / / +(/ ! -/ / K' /r 

= 9.23 mA + (-8 mA - 9.23 mA)/ 3 '- 17 ^ 
it = 9.23 mA - 17.23 mA e tmni >* 



= 30.77 //s 



+£ - u L - v R = 0 (at t = 0 ) 

but, v R = i R R = -i L R = (-8 mA)(3.9 kQ) = -31.2 V 

v L =E- v R =36 V- (-31.2 V) = 67.2 V 

^ = 67.2 V^' /30 - 77 ^ 



9.23 mA 




67.2 V 



-8 mA 



5t = 153.85 ns 



5x = 153.85 |is 



17. 



c. 



a. 



Final levels are the same. Transition period defined by 5 r is also the same. 
Source conversion: 



+ | 3.4 k 

T_ 6V 



■<&o-=r\k 




- 10.2 V + 



=-6 V 



1 



T= — ~ 



2H 



R 3.4 kQ 

i £ = //+(/, 
6V 



= 588.2 jus 



1.76 mA 



3.4 kQ 

h = 1.76 mA + (-3 mA - 1.76 mA)e'" 5SS2/JS 
h = 1.76 mA - 4.76 mA e 4 ****" 

u R (0 +) = 3 mA(3.4 kQ) = 10.2 V 
KVL: +6 V + 10.2 V - o L (0+) = 0 

u L (0+)= 16.2 V 
^ = 16.2V^ /588 - 2 ^ 
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A '/.( mA ) 
1 .76 mA 




a \<y) 

-- 16.2 V 




-3 mA 



5 x = (2.94 ms) 



10.4 k£2 



i — Wv — °^°-hV 



-=-7.2 V 



d l 8 200 mH 



3 mA 



7.2 V 
10.4 kQ 



-0.69 mA 



L 200 mH 

t = — = = 19.23 //s 

7? 10.4 kQ 

= -0.69 mA + (-3 mA - (-0.69 mA))<?~' /19 23 ^ 
i L = -0.69 mA - 2.31 mAe"" 19 23 



-31.2 V+ 




7.2V^= 



D L (0+) 



KVL: -7.2 V + 3 1 .2 V - v L (0+) = 0 
v L (0+) = 24 V 
Di = 24 V^ /19 - 23 " s 




-3 mA 



20 V 



10 k£2 

:io ka 



^ ft = 10 k£2 
£ 7 ,= 20V 



L 10 mH , 

T = — = = 1 US 

R 10 kQ 



v L = 20 Ve"" 1 " 8 , i L = — (1 - e-' /r ) = 2 mA(l - <f 
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b. 5 r => steady state 



J L lOmH , 

r = — = = 1 us 

R 10 kQ 

i L = I M e-" r '=2mAe^ B 

14 = -(2 mA)(20 kQ)e " T = -40 V<T' /1/fi 



A'/.(mA) 




5 x 7.5 us 
(5 us) 



>?(HS) 



AM V ) 



20-- 




>f(HS) 



-40 



20. 



c. 



L lmH „ 
t= — = — — = 0.5 /us 



R 2kQ 



i L = -(l-e-" T ) = ^(1 -e-" T ) = 6 mA(l - e*"*") 
R 



2kQ 

o L = Ee-" T =12\ e-"°- 5 >* 
b. i L = 6 mA(l - e^ 0 ' 5 " 5 ) = 6 mA( 1 - e" 1 ^ 0 ^) 



= 6mA(l - 0 = 5.19 mA 



k = I' m e 



■tlr' 



i = 



lmH 



R 12 kQ 



83.3 ns 



-r/83.3ns 



i L = 5.19 mA<? 

t = 1 //s: 14= 12 Ve 



■t/0.5ps . 



12 Ve~ 2 = 12 V(0.1353) = 1.62 V 



= (5.19 mA)(12 kQ) = 62.28 V 
Vl = -62.28 Ve"' /83 - 3ns 

; L (mA) 

'5.19 mA 



A^l(V) 




5x' 




-62.28 V 



>f(ns) 
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21. 



a. 



6.8 kQ 



6 v: 



V R, ^8.2 kQ 5mHgpi. 



-Th 
+ 



+ 



R Th = 6.8 kQ 

E Th = 6V 



. — ^A^- 



■1 



6.VkQ 



6VI= 



1 




L _ 5mH 
i? ~ 6.8 kQ 



0.74 //s 



t - *o-**>-^ . 

£ 6.8 kQ 



(1 - e ' /r ) = 0.88 mA(l - e™'* 1 *) 



f/0.74/s-> 



■«/r. 



6Ve 



-t/0.74/s 



b. Assume steady state and h = 0.88 mA 




L _ 5mH 
~ 15 kQ 



0.33 



i L = I^ = 0.88 mAe^ 

F ffl = 47? = (0.88 mA)(15 kQ) = 13.23 V 
v L = -13.23 VtT" 0 - 33 " 8 
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A i L (mA) 




1-13.23 



V R = I m R 2 = (0.88 mA)(8.2 kQ) = 7.22 V 



H 1 1 1- 



5x 



-►f(ms) 



5x' 
-7.22 V 



R Th = 2 kQ + 3 kQ || 6 kQ = 2 kQ + 2 kQ = 4 kQ 

6kQ(12V) OT7 L lOOmH 
^ra = „, „ = § V, r= — = = 25 jus 



6 kQ + 3 kQ 



4kQ 



R 



Th 



4kQ 



it = 2 mA(l - g-' /25 0 
= 8 \ e -" 2Sf * 



i L = 2 mA(l -e l ) = 1.26 mA 
14 = 8 Ve^ 1 = 2.94 V 



23. a. Source conversion: £ = #? = (4 mA)(12 kQ) = 48 V 



L§2mHD L L 2mH 
451 L t= — = = 55.56 ns 




R 36 kQ 



i L -—(l-e )= 17777- (I ~e )-1.33mA(l-e ) 
36 kQ 



i4 = Ee _</r =48 V<T' /55 - 56ns 



f = 100 ns: 



i z = 1.33 mA(l - e - 100ns/55 - 56 » s ) = 1.33 mA(l - e~ L8 ) = 1.11 mA 



14 = 48 \e~ l * = 7.93 V 



0.165 



24. 



2.2 kC2 




Th 

:4.7k£2gi0mH 



R Th = 2.2 kQ || 4.7 kQ = 1.50 kQ 
4.7 kQ(8 V) 



£■77, - 



4.7kQ + 2.2kQ 



5.45 V 



L lOmH 

r= — = = 6.67 us 

R 1.50 kQ 



i L = -(1 - e-' /r ) = ^^(1 - = 3.63 mA(l - ^ ,/6 - 67 ^) 
# 1.5 kQ 



f = 10 //s: 

i L = 3.63 mA(l - e 



10^/6.67^ = 3 . 63mA (l_g-l-4 ) 



0.246 



= 2.74 mA 

u L = 5.45 V(0.246) = 1.34 V 

L 10 mH 

r = — = =2.13 us 

R 4.7 kQ 

i L = 2.74 mAe-" 2 - 13 ' 8 

Att = 10 //s 

Ki = (2.74 mA)(4.7 kQ) = 12.88 V 

= -12.88 V^ /213/s 
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w L (mA) 



3.63 




0 10 ns 5x' 



>f(HS) 



\(V) 
+ 5.45 



IU \xs 



1.34 

\ 1 rH - I 



^ 5x 



-12.88 



? (M-s) 



25. a. 



■tlx 



L 



0.6 H 



0.6 H 



R x + R-s 100Q + 20Q 120Q 

^ = 36Ve-' /5ms 

Vl = 36 Ve~ 25 ms/5 ms = 36 Ve~ 5 = 36 V(0.00674) = 0.24 V 
Vl = 36 Ve" 1 ms/5 ms = 36 Ve" 02 = 36 V(0.819) = 29.47 V 



5 ms 



c. 



d. 



\ R 1 +R 3 



d-e-" T ) 



R 



36 V -(/5ms s 

) 

120 Q. 

30 \'( 1 c 5 



100 Q. 



= (300 mA(l -e^ /5ms ))100Q 



) = 30 V(l - e ) 
= 30 V(l -0.368) = 18.96 V 

i L = 300 mA(l-/ 5ms ) 
100 mA = 300 mA(l - e ~" 5 ms ) 

0.333 = 1 - e -" 5ms 
0.667 = e -" 5ms 
loge 0.667 = -t/5 ms 
0.405 = t/5 ms 

f = 0.405(5 ms) = 2.03 ms 



26. a. /, = 



16V 



= 2 mA 



4.7kQ + 3.3kQ 
t = 0 s: Thevenin: 

Rn = 3.3 kQ + 1 kQ || 4.7 kQ = 3.3 kQ + 0.82 kQ = 4.12 kfi 
lkQ(16V) 



En - 



1 kQ + 4.7 kQ 

-«/T 



= 2.81 V 



h = I f +{Ii-If)e 
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T 2.81V n ^ G A L 2H 

I f = = 0.68 mA, t= — = = 0.49 ms 

7 4.12 kQ R 4.12 kQ 

h = 0.68 mA + (2 mA - 0.68 mA)e""°- 49ms 

i L = 0.68 mA + 1.32 mAe" 049 ms 

t^(0+) = 2 mA(4. 12 kQ) = 8.24 V 
KVL(0+): 2.8 1 V - 8.24 V - v L = 0 
o L = -5A3 V 



Ol = -5.43 Ve 



-t/0.49 ms 



27. 



b. 



2 mA 






0.68 mA 








0 


5x = 2.45 ms 





1 


0 




5x = 2.45 ms 




' -5.43 V 





Redrawn: 




Source conversions: 



12 kQ^ CD 2 mA ^ 3 kn (j^)s mA^4 kQ ^1.5kQ^5mHt> L 



/ r = 5 mA - 2 mA = 3 mAT 
1 



1111 

■ + + + - 



R T 12kQ 3kQ 4kQ 1.5 kQ 

and R T = 0.75 kQ 
Source conversion: 

E T = IjRt = (3 mA)(0.75 kQ) = 2.25 V 



+ 

2.25 V^- 



0.75 kQ 



<L 

+ 

[5 mHD t 



Z L= 5mH 



0.75 kQ 



= 6.67 jus 



- ~ 7 (i _ = 3 mA (l - e m(n ^ 



H 0.75 kQ 
v L = 2.25\e-" 6 - 61f * 
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b. 2x: 0.865 / m , 0.135 V m 

i L : 0.865(3 mA) = 2.60 mA 
v L : 0.135(2.25 V) = 0.30 V 



c. 



.5 kC2 




5 mH x>i_ 



, L 5mH 

x = — = = 3.33 us 

R 1.5kQ 

Zi = 2.60mAe ,/333/iS 

z"i(0+) = 2.60 mA 

u*(0+) = (2.60 mA)(1.5 kO) = 3.90 V 
u L = -3.90 VtT' /3 - 33//s 



d. 



/ L (mA) 




3t 
2 



-4-- 



5 10 |15 20 25 30| 35 40 
2t 5x 
(13.34 ns) (33.35 us) 

d l (V) 
2.25 




-.3.90 



<0») 



28. 



a. 




E-=-24 V 



i?xh = 2 MQ || 10MQ= 1.67MQ 

i0Ma ( 24V) =20V 

10 MQ + 2 MQ 



7 £ (0-)A= 2 ° V =12„A 
R Th 1.67 MQ 

, L 5H 
T = = -5 US 

* meter 10 MQ 

i L = \2f^Ae-" 5fK 
10 //A = 12 nKe tli,Ji 
0.833 =e" i,JS 
log e 0.833 = -f/5 /us 
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0.183 = t/5 jus 
t = 0.183(5 //s) = 0.92 

o L (0 + ) = i L (0 + )R m = (12 //A)(10 MQ) = 120 V 

u L = 120 V^' /5/K = 120 Ve~ l0fJS ' 5fJS = 120 We' 2 = 120 V(0.135) = 16.2 V 
v L = 120 \e 5TlT = 120 Ve~ 5 = 120 V(6.74 x 10~ 3 ) = 0.81 V 
24 V 

/,= =-10.91 mA 

2.2kQ 

24 V 24 V 

Switch open: L = = = -3.48 mA 

1 2.2kQ + 4.7kQ 6.9kQ 

i L = I f + (I :-I f )e-" x 

x= L = L2^ = l739 

R 6.9kQ 

i L = -3.48 mA + (-10.91 mA - (-3.48 mA))^" 71v 
i L = -3.48 mA - 7.43 mAe"" m9 ' fi 

t = 0+: v R (0+) = (10.91 mA)(6.9 k£2) = 75.28 V 

- 7 5-28 V + KVL: -24 V + 75.28 V - v L = 0 

jyyy — 



I 

-=- 24 V g 

, ? — i 



T) £ = 51.28 V 



Ui = 51.28 Ve' /173 - 9,IS 



Zi = 100 mA(l - e - lms " ums ) = 100 mA(l - e ) 
= 100 mA(l - <?~ 005 ) = 100 mA(l - 951.23 xl0~ 3 ) = 100 mA(48.77 x 10~ 3 ) 
= 4.88 mA 



i L = 100 mA(l - e - 100ms/20ms ) = 100 mA(l - e 5 ) 
= 99.33 mA 

50mA= 100mA(l - e t,T ) 
0.5 = 1 - e th 
-0.5 = -e llT 
0.5 = e th 
log e 0.5 = -tlx 

t = -(r)(log e 0.5) = -(20 ms)(log e 0.5) = -(20 ms)(-693.15 x 10~ 3 ) 
= 13.86 ms 
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99mA = 100 mA(l -e 
0.99 = 1 - e-" 20ms 
-0.01 = - e -' /20ms 
0.01 = e ^ /20ms 
log e 0.01 =-t/20 ms 
t = -(20 ms)(log e 0.01) = 



■t/20 ms\ 



-(20 ms)(-4.605) = 92.1ms 



31. a. L => open circuit equivalent 
10MQ(24V) 



10MQ + 2MQ 



20 V 




L + 



d. 



R Th = 2 MQ || 10 MQ = 1.67 MQ 
En= 10MQ(24V) =2QV 



I _E Th _ 20V 
ifmal 1.67 MQ 



10 MQ + 2 MQ 
12 fxA 

t/3 /js\ 



i L = 12 //A(l -g-" J/s ) 

10//A=12//A(l-e~' /3/K ) 
0.8333 = 1 - e -' /3 ^ 
0.1667 = e-' /3 " s 
log e (0.1667) = -?/3 //s 
1.792 = ^/3 jus 

t= 1.792(3 //s) = 5.38 /« 

Ui = 20 V e~' /3 = 20 V e n ^ fls = 20 V e" 4 
= 20 V(0.0183) = 0.37 V 



5H 



R 1.67 MQ 



3 /us 



32. e L =L 



Ai_ 
At 



0 - 3 ms, e L = 0 V 



3 - 8 ms, <?i = (200 mH) 



40xlQ' 3 A 
5xl0~ 3 s 



= 1.6 V 



8- 13 ms, <?i = -(200 mH) 
13 - 14ms,e L = 0 V 

14- 15 ms, e L = (200 mH) 



( 40xlQ' 3 A A 
5xl0~ 3 s 



^40xlQ' 3 A^ 
5xl0~ 3 s 



= -1.6 V 



= 8 V 
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15 - 16 ms, e L = S V 
16- 17ms,e L = 0 V 



10-- 

8- 

6-- 

4 .. 

2- 



o 

-2-. 
-4.. 
-6-. 
-8.. 
-10 ■■ 



1.6 



/ / / 



I 10 19 I 14 



-1.6 



1P 

/ 

/ 



18 20 



>■ f(ms) 



33. 



f 



20 mA 



o L =L^ 
At 

0^2ms: u L = (5 mH) 

^ 2 ms 

2 -»• 5 ms: Ai L = 0 mA, v L = 0 V 

. n „/+30mA^ 
5 — > 1 1 ms: v L = (5 mH) 



= -50 mV 



11 18 ms: u L = (5mR) 



6 ms 

-10mA ^ 



7 ms J 
18 -> : A/i = 0mA, Oi = 0V 



= +25 mV 
-7.14 V 



+25 mV 



OmV 



-+- 



10 



12 14 



16 



-7.14V 



-50 mV 



34. L= lOmH, 4mAaU = 0s 



o L = L- 



Ai_ 
A? 



Az = — D, 
L 1 



OmV, 



J8 



20 



f (ms) 



0 - 5 //s: Di = 0V, Ai L = 0 mA and i L = 4 mA 
5 /us 



5-10 //s: Az'i 



10 mH 



(-24 V) = -12 mA 
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10-12 /us: Aii ; 



2 jus 



(+60 V) = +12 mA 



10 mH 

12 - 16 /js: u L = 0 V, Az'i = 0 mA and 4 = 4 mA 

16-24 //s: Ai £ = (-5 V) = -4 mA 

10 mH 



A « t (mA) 
4mA 




4mA 


: = J — 1 > 


/ / 


l\ 

\\ 


, , i i / 1 i i i i i i i i i i i 


12 3 4 


5 6 ^ 


r 8 9 ip 1T 12 13 14 15 16 17 18 18 20 21 22 2 


3 24 25 ^ 






Vv 






\ \j 

v -8mA 





35. a. L T = L l +L 2 \\(L 2 + L 4 ) = 6U + 6R\\(6U + 6H) 

= 6H + 6H||12H = 6H + 4H = 10H 

b. L T =(Li + L 2 || L 3 ) || U = (4 H + 4 H || 4 H) || 4 H 
= (4 H + 2 H) || 4 H = 6 H || 4 H = 2.4 H 

36. Z' r =6H||(l H + 2 H) = 6 H || 3 H = 2 H 



i — — 

4H 5 7 k; 



£_=_20V 3felkiffl2H 



1 




37. 4 = 6 mH + 14 mH || 35 mH = 6 mH + 10 mH = 16 mH 
C' T = 9 /u F + 10 juF || 90 juF = 9 //F + 9 //F = 18 /*F 

1 6 mH in series with 1 8 //F 

38. a. ^ = 2kQ || 8 kQ = 1.6 kQ, L' T =4H || 6H = 2.4H 

L' T 2.4 H 

r = = = 1 .5 ms 

R' T 1.6 kQ 

i L =jr(i-e-"*) 

36 V ,„ -*/1.5ms\ _ Ti c -tfl.5ms\ 



(I _ = 22.5 mA(l - e " n " ms ) 



l.6kQ 
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b. 



22.5 mA 




5t = 7.5 ms 




5t = 7.5 ms 



39. 



Source conversion: E= 16 V, R s = 2 kD. 
R Th = 2 kD. + 2 kD. || 8 kD = 2 kQ + 16 kQ = 3.6 kQ 
8kQ(16V) 



E 



Th 



8 kQ + 2 kQ 



= 12.8 V 



T E Th 12.8V L 30mH 

/,„ = — — = =3.56 mA, r= — = = 8.33 us 

R Th 3.6 kQ 7? 3.6 kD 



i L = 3.56 mA(l - e -" s - 33/JS ) 
u L = E Th e-" I =12.8 \ e -" s - 33 ^ 



3.56 mA 




12.8 V 



0 \ 



5x = 41.65 us 
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40. a. 



20 V 



5 kQ 



-=- ^ 



20 kQ 



<^R Th = 5 kQ || 20 kQ = 4 kQ 

20kn(20v )=16V 

20 kQ + 5 kQ 



L r = 5 H + 6 H || 30 H = 5 H + 5 H = 10 H 



x = 



L T 10 H 



7? 4kQ 
^ = 16V<T ,/2 - 5ms 
16 V 



= 2.5 ms 



4kQ 



(l- e -">4mA(l- e -" 2 - 5m! ) 



b. 



. ; 2 (mA) 




>f(ms) 



D t (V) 




W(ms) 



c. 




h 2 



41. 



^ 4Q 



W, = 



20 V 20 V 



^2 + ^3 6Q + 4Q 10Q 



= 2 A 



h = I Rl + 7 2 = 5 A + 2 A = 7 A 

42. /i = 7 2 = 0 A 

Ki = F 2 = /i = 60V 



12V 

43. 7i= = 3 A, 7 2 = 0A 

4Q 

Fi = 12V, F 2 = 0V 
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44 v (3Q + 3Q| 6Q)(50V) _ (3Q + 2Q)(50V) _ 1Q y 
1 (3 Q + 3 Q I 6 Q) + 20 Q (3 Q. + 2 Q) + 20 Q 

i? r = 20 Q + 3 Q + 3 Q || 6 Q = 23 Q + 2 Q = 25 Q 

Wl =^=2A 
25Q 

7 5n = 0A, .•./,- 6iK/ f ) = 6CK2A)_ 
6Q + 3Q 6Q + 3Q 

(3Q|| 6Q)(50V) 2Q(50V) 

V2 — 



(3 Q I 6 Q) + 20 Q + 3 Q 2 Q + 23 Q. 
= 4V 
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Chapter 12 



2. 



<D: CGS: 5 x 10 4 Maxwells, English: 5 x 10 4 lines 
B: CGS: 8 Gauss, English: 51.62 lines/in. 2 

<D: SI 6 x 10~ 4 Wb, English 60,000 lines 

B: SI 0.465 T, CGS 4.65 x 10 3 Gauss, English 30,000 lines/in. 



<D 4xlO~ 4 Wb 



4. 



= 0.04 T 



a. 91 = 



b. 91 = 



c. 91 = 



A 


0.01m 2 




I 


0.06 m 


_ 300 


/jA 


//2xl0~ 4 m 2 


jum 


1 


0.0762 m 


_ 152.4 


juA 


^5x10^ m 2 




I 


0.1m 


_1000 




//lxlO" 4 m 2 


//m 



5. 



from the above 9l( c) > 9l (a) > 91 (b ) 
400 At 



91= — = 



O 4.2x10 4 Wb 



= 952.4 x 10 J At/Wb 



f 120 gilberts . „ „„_ 3 , 
91 = — = : ; — = 1.67 x 10 3 rels (CGS) 



O 72, 000 maxwells 
1 m 

0.1524 m 



39.37jri^ 



TT 3 400 At _ 

H= — = = 2624.67 At/m 

/ 0.1524m 



25 2(1200 xlO^T) 1ft -4 w . /A 
u, = — = — -=4x10 Wb/Am 

H 600 At/m 



J 3xl0~ 3 m 2 
Fig. 12.7: H = 800 At/m 

NI = Hl=>I = HUN = (800 At/m)(0.2 m)/75 t = 2.13 A 
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10. 



11. 



J,.»- 3 "°"™. 0.6T 
A SxlO^m 2 

Fig. 12.7, H kon = 2500 At/m 

Fig. 12.8, H steel = 70 At/m 



NI = Hl, 



(iron) 



///, 



(steel) 



(100t)/=(// iron + // steel )/ 

(100 t)/ = (2500 At/m + 70 At/m)0.3 m 

/=2Z1A= 7 . 71A 

100 

a. N l I l + N 2 I 2 = Hl 

Q_ 12xlQ' 4 Wb 
J 12xl0^m 2 



5 



1 T 



Fig. 12.7: // = 750 At/m 
M(2 A) + 30 At = (750 At/m)(0.2 m) 
Ni = 60 t 



B 



b. = — 



IT 



H 750 At/m 



= 13.34 x 10 -4 Wb/Am 



12. a. 80,000 lipetf 

/(cast steel) = 5.5Jjar 
/(sheet steel) = 0.5 jilT 

Area = 1 jar 2 



lWb 



10 8 liars', 
lm 



39.37ja: 

lm 
_39.37>< 
lm 



= 8 x 10 4 x 10~ 8 Wb = 8 x 10~ 4 Wb 
0.14 m 



39.37ja? 



= 0.013 m 
lm 



39.37>r. 



6.45 x 10~ 4 m 2 



B 



Q_ 8x10 4 Wb 
A 6.45xl0^m 2 



1.24 T 



Fig 12.8: //sheet sted = 460 At/m, Fig. 12.7: // casts teei = 1275 At/m 

NI = ///(sheet steel) + ///(cast iron) 

= (460 At/m)(0.013 m) + (1275 At/m)(0.14 m) 
= 5.98 At + 178.50 At 
M= 184.48 At 



d 1 94 T 

Cast steel: n = — = — : = 9.73 x 10 -4 Wb/Am 

H 1275 At/m 



Sheet steel: /u = 



B 



1.24 T 



H 460 At/m 



26.96 x 10 -4 Wb/Am 
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13. NJ+N 2 = HI + HI 

cast steel cast iron 
(20 t)/+ (30 t)/= " 
(50 t)/= " 



B= — with 0.25 ja^ 

A 



lm 



2,9 31 M- 



lm 



39.37>: 



= 1.6 x 10 4 m 2 



B 



0.8 xlQ' 4 Wb 
1.6 xl0~ 4 m 2 



= 0.5T 



Fig. 12.8: //cast steel = 280 At/m 
Fig. 12.7: // castiron = 1500 At/m 
lm 



fcast steel 



39.37>-. 



= 0.14 m 



= 2.5>: 



lm 



39.37jirr 



= 0.064 m 



(50 t)/= (280 At/m)(0.14 m) + (1500 At/m)(0.064 m) 
50/= 39.20 + 96.00= 135.20 
/ = 2.70A 



14. a. l ah = hf = 0.05 m, l af ■= 0.02 m, l bc = l d e~ 
NI = 2H ab l ab + 2H hc l hc + Hf a lf a + Hglg 



0.0085 m 



~ 4 Wb 

— = 1.2 T => H = 360 At/m (Fig. 12.8) 



Q_ 2.4x10 
A 2x10 4 m 
100/= 2(360 At/m)(0.05 m) + 2(360 At/m)(0.0085 m) 

+ (360 At/m)(0.02 m) + 7.97 x 10 5 (1.2 T)(0.003 m) 
= 36 At + 6. 12 At + 7.2 At + 2869 At 
100/= 2918.32 At 
/ = 29.18 A 



b. air gap: metal = 2869 At:49.72 At = 58.17:1 



B 



1.2T 



-= 3.33 x 10 -3 Wb/Am 



M sheet steel 

// 360 At/m 
^ai, = 4ti x 10~ 7 Wb/Am 

/Wtsteei: ,«air = 3.33 x 1 0~ 3 Wb/Am:4;r x 10~ 7 = 2627:1 



15. 



4 cm- 



1 m 



100 GiW 



= 0.04 m 



f= I = - (80 t)(0 9 A) (8xlO^Wb-0.5xlQ^Wb) = 36(7.5xlQ- 4 ) 
2 dx 2 ' 1(0.04 m) °" 02 



= 1.35 N 
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16. C=27tr = (6.28)(0.3m)= 1.88 m 
2-10^Wb , 
A 1.3xl0~ 4 m 2 
Fig. 12.7: // S heet s ted = 2100 At/m 

// g = 7.97x 10 5 S g = (7.97 x 10 5 )(1.54 T) = 1.23 x 10 6 At/m 

N\I\ + Nih = Hgl g + ///(sheet steel) 

(200 t)/j + (40 t)(0.3 A) = (1.23 x 10 6 At/m)(2 mm) + (2100 At/m)(1.88 m) 
h = 31.98 A 



17. a. 0.2 cjar 



lm 



lOOpm 



= 2 x 10 3 m 



grfj. (3.14X0.01 m)' ^ 



NI = Hgl g , H g = 7.96 x 1 0 5 B g 



(200t)/ = 



(7.96 xlO 5 ) 



^0.2xl0~ 4 Wb^ 



0.79x10 4 m 2 



2 x 10~ J m 



/= 2.02 A 



O 

A 



2x10^ Wb 
0.79x10^ m 2 



0.25 T 



-~ 1 s A - 1 (0-25T) 2 (0.79x lQ' 4 m 2 ) 
~ 2 ju 0 2 4^-xlO 
= 2N 



-7 



18. 



Table: 



Section 


<D(Wb) 


A(m 2 ) 


S(T) 


H 


l(m) 


HI 


a-b, g-h 




5 x 10~ 4 






0.2 




b-c, f-g 


2 x 10" 4 


5 x 10~ 4 






0.1 




c-d, e-f 


2 x 10" 4 


5 x 10~ 4 






0.099 




a-h 




5 x 10~ 4 






0.2 




b-g 




2 x 10 4 






0.2 




d-e 


2 x 10" 4 


5 x 10~ 4 






0.002 
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_ O_2xl0 Wb_„. 

B h c ~ B cd -B g - B ef - B f g - 4 — - - 0.4 T 

A 5x10 m 

Air gap: // g = 7.97x 10 5 (0.4 T) = 3.19 x 10 5 At/m 
Hglg = (3.19 x 10 5 At/m)(2 mm) = 638 At 

Fig 12.8: H bc = H cd = H ef = H fg = 55 At/m 

H bc l bc = Hfglfg = (55 At/m)(0. 1 m) = 5.5 At 
//«//«/ = H ef l ef = (55 At/m)(0.099 m) = 5.45 At 



For loop 2: = 0 



Hbclbc + HcJcd + ^g^g + H e fl e f+ Hfglfg — Hgblgb — 0 

5.5 At + 5.45 At + 638 At + 5.45 At + 5.50 At - H gb l gb = 0 

Hgblgb = 659.90 At 

, 659.90 At „ nn 

and 7/„4 = = 3300 At/m 

0.2 m 

Fig 12.7: S gi s 1.55 T 

with 0 2 = S g6 ^ = (1.55 T)(2 x 10" 4 m 2 ) = 3.1 x 10" 4 Wb 
O r = Oi + ® 2 

= 2x 10^Wb + 3.1 x 10 _4 Wb 
= 5.1 x 10- 4 Wb = O a „ = <D, a = <D g „ 

B a b = B ha = B gh = — T - = — — = 1 .02 T 
A 5x10 m 

B-H curve: (Fig 12.8): 

H ab = H ha = H gh = 180 At/m 

H ab lab = (180 At/m)(0.2 m) = 36 At 

H ha l ha = (180 At/m)(0.2 m) = 36 At 

Hg h lg h = (180 At/m)(0.2 m) = 36 At 

which completes the table! 
Loop#l: JV=0 

NI = H a blab + H b gl bg + Hghlgh + Hahlah 

(200 t)I = 36 At + 659.49 At + 36 At + 36 At 
(200 t)/= 767.49 At 
/ = 3.84 A 



19. NI = Hl 

l = 2nr= (6.28)(0.08 m) = 0.50 m 

(100 t)(2 A) = //(0.50 m) 
H= 400 At/m 
Fig. 12.8: B = 0.68 T 
0 = BA = (0.68 T)(0.009 m 2 ) 
O = 6.12 mWb 
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20. NI = H ah (! ah + he + he + hf+ I fa) + Hglg 

300 At = H ab (0.% m) + 7.97 x 10 5 5 g (0.8 mm) 
300 At = H ab (0.S m) + 637.6 B g 

Assuming 637.6 B g » H ab (0.8 m) 
then 300 At = 637.6 B g 
and B g = 0.47 T 

0 = BA = (0.47 T)(2 x 10 4 m 2 ) = 0.94 x 10" 4 Wb 
B ah = B g = 0.47 T => H s 270 At/m (Fig. 12.8) 
300 At = (270 At/m)(0.8 m) + 637.6(0.47 T) 

300 At ^515.67 At 
.". Poor approximation! 

300 At x 100%, 58% 
515.67 At 

Reduce O to 58% 

0.58(0.94 x 10~ 4 Wb) = 0.55 x 10" 4 Wb 

^ = ^ = 0-55xl0- 4 Wb = 

v4 2xl0- 4 m 2 
300 At = (190 At/m)(0.8 m) + 637.6(0.28 T) 

300 At ^ 330.53 At 

Reduce O another 10% = 0.55 x 10 4 Wb - 0.1(0.55 x 10 4 Wb) 
= 0.495 x 10" 4 Wb 
O _ 0.495 xlO^Wb 
A 2xl0~ 4 m 
300 At = (175 At/m)(0.8) + 637.6(0.28 T) 

300 At ^ 3 1 8.53 At but within 5% .-. OK 
O s 0.55 x 10 -4 Wb 



B= — = — - — = 0.25T^tf = 175 At/m (Fig. 12.7) 



21. a. It = 0.632 T max 

T max = 1.5 T for cast steel 
0.632(1.5 T) = 0.945 T 
At 0.945 T, H = 700 At/m (Fig. 12.7) 
. . B = 1.5 T (l-^ /700At/m ) 



b. H= 900 At/m: 

/ 900 At/m \ 

S=1.5T\l-e 700 At/m j = 1.09 T 
Graph: s 1.1 T 
= 1800 At/m: 

/ 1800 At/m \ 

S=1.5TU-e 700At/mj= 139x 
Graph: s 1.38 T 
//= 2700 At/m: 

/ 2700 At/m \ 

5 = 1.5U-e 700At/m j=1.47T 
Graph: s 1.47 T 
Excellent comparison! 
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B = 1.5 T(l -e 
B- 1.5T = -1.5Te 



N/100 At/m 



)= 1.5 T- 1.5 Te 

-ff/700 At/m 



-fl/700 At/m 



1.5-5=1.5 Te-" /700At/m 

1.5 T - B -///700At/m 



1.5 T 



log. 



1- 



B 



1.5 T 



-# 



700 At/m 



and #=-700 log, 



5 



1.5 T 



d. B=\T: 



#=-700 log, 



1 T 
1.5 T 



769.03 At/m 



Graph: = 750 At/m 
5= 1.4 T: 



#=-700 log, 



1 



1.4 T 



1.5 T 

Graph: s 1920 At/m 



1895.64 At/m 



e. #=-700 log, 



1 



5 



V 
/ 

1 



1.5 T 
0.2 T 



= -700 log L 

y 1.5 T 
= 100.2 At/m 



r #/ (100.2 At/m)(0. 16 m) Jft1 

/= — = — = 40.1 mA 

N 400 1 

vs 44 mA for Ex. 12. 1 
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Chapter 13 



1. a. 20 mA 

b. 15 ms: -20 mA, 20 ms: 0 mA 

c. 40 mA 

d. 20 ms 

e. 2.5 cycles 

2. a. 40 V 

b. 5 /a: 40 V, 1 1 <us: -40 V 

c. 80 V 

d. 4 jus 

e. 3 cycles 

3. a. 8 mV 

b. 3 jus: -8 mV, 9 jus: 0 mV 

c. 16 mV 

d. 4.5 //s 

10 //S 



4.5 //S/cycle 



= 2.22 cycles 



„ 1 1 

a. T= — = = 40ms 

/ 25 Hz 

b. T=— = = 25ns 

/ 40 mHz 

c. T= — = l - =40 us 

f 25 kHz 

A T 1 1 

d. T= — = = 1 s 

/ 1Hz 



a. /=- = -^-=60Hz 

T 1 

— s 
60 

b. /=— = —!— =100 Hz 

r o.oi s 

c. f=— = = 25 Hz 

r 40 ms 

d. /= — = = 40 kHz 

T 25 //s 



6. r= = 0.05 s, 5(0.05 s) = 0.25 s 

20 Hz 
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24 ms 

7. T= = 0.3 ms 

80 cycles 

8. /=^^=7Hz 

6s 



a. F peak = (3 div.)(50 mV/div) = 150 mV 

b. T = ( 4 div.)( 1 0 //s/div.) = 40 /« 



c - /= - = 



1 



T 40 //s 



25 kHz 



10. 



11. 



12. 



a. 



c. 



d. 



b. 



c. 



Radians = I — ^— 45° = — rad 
180° J 4 



Radians = 
Radians = 
Radians = 

Degrees = 
Degrees = 
Degrees = 
Degrees = 



f n ^ 



180° 



K 



60° = - rad 
3 



180° 
n 

f 180° A 



270° = 1.5;rrad 
170° = 0.94;rrad 



180° 



— =45° 
4 



v ^ y 
'180°^ 
\ n ) 
180°^ 



1 



30° 



n =18 c 



10 

0.6 ;r=108° 



2n _ 2n 
2n 



0.3x10^ s 



= 3.14 rad/s 

20.94 x 10 3 rad/s 



<x> = 



2n 



4xl0~ 6 s 
2n 



G>- 



l/25s 



= 1.57 x 10 6 rad/s 
157.1 rad/s 



13. 


a. 


a> = 


2nf 




b. 


a> = 


2 n f 




c. 


a> = 


2 71 f 




d. 


a> = 


2nf 
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T= — = - 
co f 

r co 754rad/s „ 
/= — = = 120 Hz, T= 8.33 ms 

2n 2n 



, . co 8.4rad/s , , , . . _ 

b. /= — = = 1.34 Hz, T= 746.27 ms 

2;r 2;r 



c. /= = ^^=954.93 Hz, 7= 1.05 ms 

2;r 2;r 



d. /= ^ = = 9.95 xlO- 3 Hz, J= 100.5 ms 

In In 



(45°) 



J 



— radians 
4 



.180°, 

6 n/4md ;z74rad I 1 



co 2nf 2n(60 Hz) (8)(60) 480 



= 2.08 ms 



(30°) 



n \ n a n/6 



Vl80°y 



, a= cot => co= — = — = 104.7 rad/s 

6 f 5xl0~ 3 s 



ri , .„ - ft) 377 rad/s 

a. Amplitude = 20,/ = — = = 60 Hz 

In 2n 

i * * .j j _ - ft) 754 rad/s 

b. Amplitude = 5,f= — = = 120 Hz 

In In 

a !■, j 1ft 6 , ® 10,000rad/s 1cniccxI 

c. Amplitude = 10 ,/= — = = 1591.55 Hz 

In In 

i a i ' i ^ a r °> 942 rad/s 

d. Amplitude = -6.4,/ = — = = 149.92 Hz 

In In 



_ 2n 2n 1 . 

T= — = =40ms, - cycle = 20 ms 

co 157 2 



i = 0.5 sin 72° = 0.5(0.951 1) = 0.48 A 



22. 



23. 



1.2*- 



180 



n 



216° 



u= 20 sin 216° = 20(-0.588) = -11.76 V 

6 x 10~ 3 = 30 x 10~ 3 sin a 
0.2 = sin a 

a^suT 1 0.2 = 11.54° and 180° - 1 1.54° = 168.46° 



24. v = V m sin a 

40 = V m sin 30° = V m (0.5) 



and v = 80 sin 523.58* 



30° 1ms 



360° 
1= 1 ms 

1 



T 

f 360 A 



v30 y 



/ 



12xl0~ 3 s 



12 ms 
= 83.33 Hz 



ft>= 2nf= (2^(83.33 Hz) = 523.58 rad/s 



25. 
26. 
27. 



&> = 2nf= 377 rad/s 
u=25 sin (arf + 30°) 



28. 



29. 
30. 
31. 
32. 



33. 



b. n- -n= - =60°, G}=2rtf= 6.28 x 10 3 rad/s 
3 3 

z = 3 x 10 -3 sin(6.28 x 10 3 f - 60°) 

a. co= 2nf= 2^- (40 Hz) = 251.33 rad/s 
u=0.01 sin (251.33* -110°) 

3 T 1 80°^ 

b. co= 2nf= 2^(10 kHz) = 62.83 x 10 3 rad/s, -n\ 

\ \ n 

i = 2 x 10 -3 sin (62.83 x 10 3 * + 135°) 

u leads i by 10° 

/ leads v by 70° 

/leads uby 80° 

v= 2 sin {at- 30^+90°) " 

+60° f m phase 

i = 5 sin(&# + 60°) 



135° 



v = 4 sin(&tf + 90° + 90° + 1 80° = 4 shift* 
i = sm((ti + 10° + 180°) = sin(&# + 190°) 



/leads oby 190° 
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34. 



T= 



1 



1 



= 1 ms 



/ 1000 Hz 
120° fr^ 2 Tims 



180° I 2 ) 312 



■ms 



35. co= 2xf = 50,000 rad/s 

f =*m =795775 Hz 

2^r 

J= — = 125.66 //s 

/ 



40° f j 



36. 



= 0.222(62.83 //s) = 13.95 //s 

180°lv2 ' 

a. T= ( 8^1i<)(l ms/drcC) = 8 ms (both waveforms) 



b. /= — = — ^ = 125 Hz (both) 

T 8 ms 



37. 



c. Peak = (2.5 div)(0.5 V/div.) = 1 .25 V 

F rms = 0.707(1.25 V) = 0.884 V 

d. Phase shift = 4.6 div., T = 8 div. 

4 6 div 

G= x 360° = 207° i leads e 

8 div. 

or f leads / by 153° 



G = 



(6 V)(l s) + (3 V)(l s) -(3 V)(l s) _ 6 V 
3 s ^3 



= 2 V 



38. 



G = 



1 



(4ms)(20mA) 



(2 ms)(5mA) 



40mA-10mA 30mA 



8 ms 



= 3.87 mA 



39. 



^_ 24-(5mA)W 2(20mA)-(5mA)(>r) 40 mA - 15.708 mA , ^ , 
G — = = 3.87 mA 



In 



2n 



In 



40. a. T={ 2 div.)(50 //s) = 100 //s 

b. /"= — = — - — = 10 kHz 

T 100 jus 

c. Average = (-1.5 div.)(0.2 V/div.) = -0.3 V 

41. a. r=(4div.)(10//s/div.) = 40//s 
1 1 



T 40 jus 



25 kHz 
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_ _ (2.5 div.)(l .5jHf.) + (1 div.XO.SdtfT) + (1 div.)(0.6>drt\) + (2.5 div.)(0^div>(l div.)(LdivT) 

C. Cr 

idivr 

_ 3.75 div. + 0.5 div. + 0.6 div. + 1 div. + 1 div. 
4 

6.85 div. 

= = 1.713 div. 

4 

1.713 drtf(10 mV/div.) = 17.13 mV 

42. a. V rms = 0.7071(140 V) = 98.99 V 

b. 7 rms = 0.7071(6 mA) = 4.24 mA 

c. F rms = 0.7071(40 //V) = 28.28 //V 

43. a. v= 14.14 sin 377* 

b. z = 70.7 x 10 3 sin 377* 

c. w= 2.83 xlO 3 sin 377* 



45. V„ 



j(2 V) 2 (4 s) + (-2 V) 2 (l s) + (3 V) 2 [^ V 

44. ^rras "~ 7T ~~ 1.43 V 

12 s 



(3 V) 2 (2 s) + (2 V) 2 (2 s) + (1 V) 2 (2 s) + (-1 V) 2 (2 s) + (-3 V) 2 (2 s) + (-2 V) 2 (2 s) 



V 12s 
= +2.16 V 



46 G _ (10V)(4ms)-(10V)(4ms) = 0 _ Qy 

8 ms 8 ms 



, = J (10V) 2 (4ms) + (-10V) 2 (4ms) = 1Q y 
8 ms 



47. a. T= (4 div.)(10 //s/div.) = 40 /js 

f=— = — *— = 25 kHz 

T 40 jus 

Av. = (1 div.)(20 mV/div.) = 20 mV 
Peak = (2 div.)(20 mV/div.) = 40 mV 



rms = JV 0 2 + ^ = , (20 mV) 2 + (4 ° — = 34.64 mV 
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T=(2 div.)(50 //s) = 100 //s 

/"= — = — 1 — = 10 kHz 

r 100 //s 

Av. = (-1.5 div.)(0.2 V/div.) = -0.3 V 
Peak = (1.5 div.)(0.2 V/div.) = 0.3 mV 



rms = + ^°sl = (.3 V) 2 + ( " 3 V) = 367.42 mV 



48 . a. V dc = IR = (4 mA)(2 kQ) = 8 V 

Meter indication = 2.22(8 V) = 17.76 V 

b. = 0.707(16 V) = 11.31 V 
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Chapter 14 

i. 

2. 

3. a. (377)(10) cos 377? = 3770 cos 377* 

b. (754X0.6) cos(754f + 20°) = 452.4 cos(754f + 20°) 

c. ( V2 20)(157) cos(157? - 20°) = 4440.63 cos(157f - 20°) 

d. (-200)(1) cos(? + 180°) = -200 cos(? + 180°) = 200 cos t 

4. a. I m = VJR = 150 V/5 Q = 30 A, i = 30 sin 200* 

b. 4 = VJR = 30 V/5 Q = 6 A, i = 6 sin(377f + 20°) 

c. /,„ = VJR = 40 V/5 Q = 8 A, i = 8 sin(wf + 100°) 

d. /,„ = VJR = 80 V/5 Q = 16 A, i = 16 sin(cof + 220°) 

5. a. V„, = I m R = (0. 1 A)(7 x 1 0 3 Q) = 700 V 

v = 700 sin 1000* 

b. V m = I m R = (2 x 1(T 3 A)((7 x 10 3 Q) = 14.8 V 
i) = 14.8 sin(400f-120°) 

c. i = 6 x 1(T 6 sin(co? - 2° + 90°) = 6 x 10~ 6 sin(co? + 88°) 
V m = I JR. = (6 x 1(T 6 A)((7 x 10 3 Q) = 42 x 1(T 3 V 

v = 42 x 10 3 sin(cof + 88°) 



d. i = 0.004 sin(co? + 90° + 90° + 1 80°) = 0.004 sin(co? + 360°) = 0.0004 sin at 
V m = IJR = (4 x 1(T 3 A)((7 x 10 3 Q) = 28 V 
v = 28 sin (at 

6. a. 00 

b. X L = 2nJL = 2nLf= (6.28)(2 H)/= 12.56/= 12.56(10 Hz) = 125.6 Q 

c. X L = 12.56/= 12.56(60 Hz) = 753.6 Q. 

d. Xi = 12.56/= 12.56(2000 Hz) = 25.13 kQ 

e. X L = 12.56/= 12.56(10 5 Hz) = 1.256 MQ 
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7. a. 
b. 
c. 

8. a. 

b. 
c. 
d. 

9. a. 
b. 
c. 
d. 

10. a. 
b. 
c. 

158 



L ~ L = 



2nf 


2n(2 Hz) 


x L _ 


1000 D. 


2nf 


2x(60 Hz) 


x L _ 


5280 D. 



2nf 2^(500 Hz) 

X, X, X, 



X L = 2nfL =>/ 



2nL (6.28)(10 H) 62.8 



62.8 



/= -^ = ^ = 60.03 Hz 

62.8 62.8 



X^ = 15,700Q = 250Hz 
62.8 62.8 



7=^ = ^=3.87 Hz 
62.8 62.8 



r m = = (5 A)(20 Q)= 100 V 
u = 100 sin(cof + 90°) 

F ffl = I„Xl = (40 x 10~ 3 A)(20 D.) = 0.8 V 
i) = 0.8 sin(o>f+ 150°) 



z = 6 sin(co* + 150°), F m = IJC L = (6 A)(20 Q) = 120 V 
v = 120 sin(ro? + 240°) = 120 sin(cof - 120°) 

i = 3 sin(co* + 100°), V m = IJC L = (3 A)(20 fi) = 60 V 
D = 60 sin(cof + 190°) 

X L = coL = (100 rad/sXO.l H) = 10 Q 
F m = 7 m Z i = (10A)(10Q)=100V 
u = 100 sin(100f + 90°) 

Xi = oxL = (377 rad/s)(0. 1 H) = 37.7 Q. 
V m = I„Xl = (6 x 10~ 3 A)(37.7 fi) = 226.2 mV 
v = 226.2 x 10" 3 sin(377f + 90°) 

X L = coL = (400 rad/s)(0.1 H) = 40 Q 
F ffl = I„Xl = (5 x 10~ 6 A)(40 Q) = 200 
v = 200 x 10 -6 sin(400f +110°) 
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i = 4 sin(20? + 200°) 

X L = wL = (20 rad/s)(0. 1 H) = 2 Q 

V m = I m X L = (4A)(2 Q) = 8V 

v = 8 sin(20? + 290°) = 8 sin(20f - 70°) 



V 120 V 

11. a. I m = — = = 2.4 A, i = 2.4 sin(cof - 90°) 

X L 50Q 



K 30 V 

b. 4 = — — = = 0.6 A, i = 0.6 sin(cof - 70°) 

X ^ 50 



c. v = 40 sin(co? + 100°) 
, V m 40V 



X £ 50 Q. 



= 0.8 A, i = 0.8 sin(wf+10 o ) 



d. u = 80 sin(377? + 220°) 
V 80 V 

/,„ = -s- = = 1.6 A, z = 1.6 sin(377f + 130°) 

12. a. X L = oxL = (60 rad/s)(0.2 H) = 12 Q 
In = VJX L = 1.5 V/12 Q = 0. 125 A 
z = 0.125 sin(60f - 90°) 

b. X £ = coZ = (10rad/s)(0.2H) = 2Q 
/,„ = V m /X L = 1 6 mV/2 Q. = 8 mA 

i = 8 x 10~ 3 sin(? + 2° - 90°) = 8 x 10 -3 sin(f - 88°) 

c. u = 4.8 sin(0.05? + 230°) 

X L = coL = (0.05 rad/s)(0.2 H) = 0.01 Q 

4 = VJX L = 4.8 V/0.01 Q = 480 A 

i = 480 sin(0.05? + 230° - 90°) = 480 sin(0.05f + 140°) 

d. d = 9x 10~ 3 sin(377? + 90°) 

X L = coL = (377 rad/s)(0.2 H) = 75.4 Q. 
I m = VJX L = 9 mV/75.4 Q = 0.1 19 mA 
i = 0.119 x 10 -3 sin 377* 



13. a. X c = = 2 — = 



1 


1 




2nfC 


2^(0 Hz)(5xl0"' 


5 F) 


1 


1 




2nfC 


2^(60 Hz)(5xl0 


-6 F ) 


1 


1 





b. X c = = 2 — = 530.79 Q 



c. X c = = t — = 265.39 Q 

2n fC 2n(\2Q Hz)(5 x 1 0~ 6 F) 
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d. 
e. 

14. a. 
b. 
c. 

15. a. 
b. 
c. 
d. 

16. a. 

b. 

c. 

d. 

160 



X r = 



1 



1 



2k fC 2n{2 kHz)(5 x 1 (T b F) 



= 15.92 Q 



X r = 



1 



1 



2nfC 2^(2xl0 6 Hz)(5xlO _D F) 



= 62.83 Q 



C= — - — = =10.62 jiF 



27tPC c 


6.28(60 Hz)(250Q) 


1 


1 


2nfX c 


6.28(3 12 Hz)(55Q) 


1 


1 



C= = = 9.28 pF 



C= = =636.94 fiF 

2nfX c 6.28(25 Hz)(10Q) 



/= = ^ = 31.83 Hz 



/= = z = 4.66 Hz 

2nCX c 2^-(50xl0 _6 F)(684Q) 



/= = z =1.59 Hz 

2nCX c 2^(50 x 1 (T 6 F)(2000 Q) 



2;z"CY c 


2;r(50xl0 


~ 6 F)(100Q) 


1 




1 


2nCX c 


2^(50x10 


~ 6 F)(684Q) 


1 




1 


2;rCX c 


2ti(50x10" 


6 F)(342Q) 


1 




1 



4 = fW-Xb = 120 V/2.5 Q = 48 A 
i = 48 sin(cof + 90°) 

/,„ = F ffl /X c = 0.4 V/2.5 D. = 0.16 A 
z = 0.16 sin(cof + 110°) 

u = 8 sin(co?+ 100°) 

I m = F ffl /X c = 8 V/2.5 Q. = 3.2 A 

z = 3.2 sin(cof + 190°) 

u = -70 sin(cof + 40°) = 70 sin(co? + 220°) 

I in = F ffl /X c = 70 V/2.5 Q. = 28 A 

i = 28 sin(co? + 3 1 0°) = 28 sin(cof - 50°) 
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17. a. u = 30sin200f,X c = — = ;- = 5kQ 

coC (200)(lxl(T 6 ) 

V 30 V , 

/,„ = = = 6 mA, i = 6 x 10" 3 sin(200f + 90°) 

X c 5kQ 

b. u = 60x 10~ 3 sin377?,X c = — = :- = 2.65kQ 

coC (377)(lxl0^ 6 ) 

4 = — = 60xl ° V = 22.64 //A, i = 22.64 x 10" 6 sin(377f + 90°) 

X c 2,650Q 

c. u = 120sin(374f + 210°),X c = — = ;-=2.67kQ 

coC (374)(lxl0^ 6 ) 

V 120 V 

4 = = = 44.94 mA, i = 44.94 x 10" 3 sin(374f + 300°) 

X c 2,670Q 

d. v = 70 sin(800? + 70°), X c = — = -- = 1 .25 kQ 

coC (800)(lxl0^ 5 ) 

F 70 V , 

4 = — = = 56 mA, z = 56 x 10 -3 sin(cof + 160°) 

X c 1250 Q 

18. a. V m = I m X c =(50x 10~ 3 A)(10Q) = 0.5 V 

u = 0.5 sin(wf - 90°) 

b. V m = I„Xc =(2xl 0~ 6 )( 10 Q) = 20 /N 
u = 20 x 10 6 sin(cof-30°) 

c. i = -6 sm((ot - 30°) = 6 sin(co? + 150°) 
F ffl = / BJ Xc=(6A)(10Q) = 60V 

v = 60 sin(wf + 60°) 

d. i = 3 sin(atf + 100°) 

F ffl = / BJ X c =(3 A)(10Q) = 30V 
u = 30 sin(cof+10°) 

19. a. i = 0.2 sin 300f, X c = — = --=6.67kQ 

coC (300)(0.5 xlO" 6 ) 

= 4*c = (0.2 A)(6,670 Q) = 1334 V, v = 1334 sin(300f - 90°) 

b. i = 8 x 10~ 3 sin377r,X c = — = - = 5.31kQ 

coC (377)(0.5 xlO" 6 ) 

V m = = (8 x 10~ 3 A)(5.3 1 x 10 3 D.) = 42 AS V 
v = 42.48 sin(377f - 90°) 
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c. 



z = 60 x 10~ 3 sin(754? + 90°), X c = — = — = 2.65 kQ 



ooC (754)(0.5 x 10" 6 ) 



F ffl = 4Ar c = (60 x 10~ 3 A)(2.65 x 10 3 Q.) = 159 V 
d = 159 sin 754* 

d. z' = 80x 10~ 3 sin(1600f-80°),X c = — = --=1.25kQ 

coC (1600)(0.5 xlO" 6 ) 

V m = I m X c =(SOx 10 _3 A)(1.25 x 10 3 Q)= 100 V 
v = 100 sin(1600f - 170°) 

20. a. uleadszby90°=>Z,,X£= VJI m = 550 V/U A=50Q 

T X, 50Q __ 
L = — L - = =132.63 mH 

co 377rad/s 

b. v leads i by 90° => L, X L = F m /7 m = 36 V/4 A = 9C 

L= — *— = =147.36 uH 

aX L (754rad/s)(9Q) 

c. u and z are in phase => i? 

^^105V^ 7Q 
/- 1.5A 



21. a. z = 5 sin(co? + 90°) 
u = 2000 sin co? 

*k = 2000 V 
/_ 5 A 



z leads u by 90° C 
X c = '—= ' =400Q 



i = 2sin(157f + 60°) 
u = 80sin(157* + 150°) 

K L= S0V = 40nL= X A= 40Q 
/_ 2 A ' co 157rad/s 



w leads z by 90° L 
Xi = -i'- = ----- 40 Q. L = — = 40 — =254.78 mH 



c. t; = 35sin(co?-20°) 
z = 7 sin(co? - 20°) 
F 35 V 
/- 7 A 



in phase => /? 



22. - 

23. - 
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24. *,-_!_-*=>, 1 



2;r/C 2^C 2^(2xl0 3 Q)(lxlO" 6 F) 12.56x10" 

= 79.62 Hz 



25. X L = 2njL = R 



L= j_ = 10,000 q = 31847mH 

2^-/ 2/r(5xl0 3 Hz) 



26. X C = X L 

1 



2^/C 



2;r/L 



and/= ^= = . 1 - 1.59 kHz 

2W£C 2^ A /(10xlO" 3 H)(lxlO~ 6 F) 



27. X C = X L 

= 2nfL^> C = — = l — ^=5.07 nF 



2tt/C 4^/ 2 L 4(9.86)(2500xl0 6 )(2xl(r 3 ) 



28. a. P = cos g = (55 ° V)(1 1 A) cos 90° = ( )(0) = 0 W 
2 2 



b. P = cos 9 = (36 V ^ (4 A:> cos 90° = ( )(0) = 0 W 



c. P^cos<9= (laSV)(1 - SA) cos0^7.88W 



29. a. P=^CQ S9 = (SAX2000V) co S 90^0W 

2 2 

b. cos e = 0 => 0 w 



c. P ^ !5V " 7A ' cos 0- 122.5 W 



30. a. P = ( 60V X 15A ) cos 30 o = 389-7 Wj F ^ = 0-866 



b. i3= (50V)(2A) cos()O = 50W ^ = L0 
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c p= (50VX3A) j qo = ?3>86 w ^ Fp = 0>985 
d. P = g^OSA) cos40 o = 2.30 W,F, = 0.766 



31. 



F_ ffl _48V 



7?= ^ = — =6Q,F = / 2 ii = 



6Q = 192 W 



8A 

f .a w<= t«V)l«A) 
2 2 



P = F7 cos e = 
All the same! 



48 V 



V2 Jl V2 



8A 



cos 0° = 192 W 



32. P = 1 00 W: F p = cos 0 = PIVI = 1 00 W/( 1 50 V)(2 A) = 0.333 

10 = 
300 



P = 0W: F p = cos0 = O 



P = 300 W: F„ 



300 



= 1 



33. 



P = ^^cosd 



500 W = (5 ° V)/m (0.5) => 7 m = 40 A 



34. a. 



z = 40 sin(cof - 50 °) 

I m = EJR = 30 V/6.8 Q = 4.41 A, i = 4.41 sin(377f + 20°) 



b. P = I R = 



f 4.41A^ 2 



3Q = 29.18W 



35. 



T In 6.28 

r = — = = 16.67 ms 

co 377rad/s 

6(16.67 ms) = 100.02 ms = 0.1 s 



V 100 V 
7 m = -=- = = 4 A, i = 4 sin(314f - 30°) 

X, 25 Q 



b. L=^ = 



li_ 25 Q 



co 314rad/s 



79.62 mH 



c. L => 0 W 
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36. a. E m = l„X c = (30 x 1(T 3 A)(2.4 kfi) = 72 V 

e = 72 sin(377f - 20° - 90°) = 72 sin(377f - 110°) 

b. C=— *— = = l.llnF 

cdX c (377rad/s)(2.4kQ) 

c. P = 0W 

37. a. X c = — - — = — = — 7 = 50Q 

C| 2^/Ci cdCi (10 4 rad/s)(2//F) 

X r = — = — — ^ =10Q 

2 ©C 2 (10 4 )(10//F) 

E = 100 V Z60° Ii = — = 120VZ60 ° = 2.4 A Z150° 

Z Cl 50QZ-90 0 

120 VZ60 ° -12X^150° 
Z Cl 10QZ-90 0 

ii = >/2 2.4 sin(10 4 ? + 150°) = 3.39 sin(10 4 f + 150°) 
h = a/2 12 sin(10 4 ? + 150°) = 16.97 sin(10 4 f + 150°) 

b. I s = Ii + I 2 = 2.4 A Z150° + 12 A Z150° = 14.4 A Z150° 
i s = y/2 14.4 sin(10 4 ? + 150°) = 20.36 sin(10 4 f + 150°) 

38. a. L\ || L 2 = 60 mH || 120 mH = 40 mH 

X LT =2nfL T = 2ti(10 3 Hz)(40 mH) = 251.33 Q 

V m = I m X Lr =(V2 24A)(251.33Q) = V2 6.03kV 
and i) s = %/2 6.03 kV sin(10 3 ? + 30° + 90°) 

or v s = 8..53 x 10 3 sin(10 3 f + 120°) 

b. I m = — , X Ll =2ftfLi = 2tz(10 3 Hz)(60 mH) = 376.99 D. 

8.53xl0 3 „ . 
I,n= =22.63 A 

1 376.99 Q 

and U = 22.63 sin(10 3 f + 30°) 

X Ll = 2nfL 2 = 2tt(10 3 Hz)(120 mH) = 753.98 Q 

/. - 8 - 53 " 101 - 1131 A 

2 753.98 Q 

and h = 11.31 sin(10 3 f + 30°) 
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39. a. 5.0Z36.87 0 b. 2.83 Z45° 

c. 17.09 Z69.44° d. 1.0 x 10 3 Z84.29° 

e. 1077.03 Z21.80 0 f. 6.58 x 10 3 Z81.25° 

g. 11.78 Z-49.82° h. 8.94 Z-153.43° 

i. 61.85 Z-104.04 0 j. 101.73 Z-39.94° 

k. 4,326.66 Z123.69 0 1. 25.5 x 10" 3 Z-78.69 0 



40. a. 5.196+73.0 b. 6.946+7*39.39 

c. 2530.95+y6953.73 d. 3.96 x 10 -4 +7*5.57 x 10 -5 

e. 7*0.04 f. 6.91 xlO" 3 +76.22 xlO -3 

g. -56.29+7*32.50 h. -0.85 +7O.85 

i. -469.85 -71 71.01 j. 5177.04 -7*3625.0 

k. -4.31 -7*6.16 1. -6.93 x 10 3 -7*4.00 x 10" 3 

41. a. 15.03 Z86.19 b. 60.21 Z4.76° 

c. 0.30Z88.09 0 d. 223.61 Z-63.43° 

e. 86.18 Z93.73° f. 38.69 Z-94.0 0 

42. a. 12.95+7*1.13 b. 8.37+7*159.78 
c. 7.00 x 10 -6 +7*2.44 x 10" 7 d. -8.69+7*0.46 

e. 75.82-7*5.30 f. -34.51-7*394.49 

43. a. 11.8+7*7.0 b. 151.90+7*49.90 



c. 



4.72 xlO -6 + 7*71 d. 5.20 + 7I.6O 



e. 209.30+7*311.0 f. -21.20+7*12.0 

g. 6 Z20° + 8 Z80° = (5.64 + y2.05) + (1.39 + 7*7.88) = 7.03 + 7*9.93 

h. (29.698 + J29.698) + (31.0 + y'53.69) - (-35 + y60.62) = 95.7 + 7*22.77 

44. a. -12.0+7*34.0 b. 86.80+7*312.40 

c. 56. x 10 3 -j 8x10 3 d. 698.00 Z-114° 

e. 8.00 Z20° f. 49.68 Z-64.0 0 

g. 40xl0 3 Z40° h. -16,740 Z160° 



166 



CHAPTER 14 



45. 



a. 6.0 Z-50° 



b. 200 x 10 -6 Z60° 



c. 109 Z-170.0 0 



d. 76.47 Z-80 



e. 4Z0° 

f. 5.93 Z-134.47° 

g. (0.05 + y0.25)/(8 -y'60) = 0.255Z78.69760.53 Z-82.41° = 4.21 x 10" 3 Z161.10 0 

h. 9.30 Z-43.99° 



46. 



a. 10 j5 = 10.0 -y5.0 

1 + yO 



8Z60° 



8Z60° 



102 + y400 412.80 Z75.69° 



= 19.38 x 10 3 Z-15.69° 



c (6Z20°)(120Z-40°)(8.54Z69.44°) = 6.15 x 10 j Z49.44° = ^ x 1q3 ^ ^ 



2Z-30 0 



2Z-30 0 



(0.16 Z120°)(300 Z40°) _ 48 Z160° 



9.487 Z71.565 0 9.487 Z71.565 0 



= 5.06 Z88.44° 



e. 



1 



4xl(PZ20° 



(2500 Z- 20°) 



( 8 ^ 
\j(f)j 



1 



-J J 



36-y30 
1 



46.861Z-39.81 0 



(2500 Z-20°)(8/)(0.0213 Z39.81°) = 426 Z109.81 c 

47. a. x+j4 + 3x+jy-jl = 16 

(x + 3x) + j(4 + y - 7) = 16 +jO 

x + 3x=16 4+y-7=0 

4x=16 y = +7 -4 

x = 4 y = 3 



b. (10Z20°)(xZ-60°) = 30.64 -y'25.72 
10xZ-40°=40 Z-40° 
10x = 40 
x = 4 
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c. 5x+y'10 



lOx + J20 -j5xy -/lOy = 90 -fJO 
(lOx + lOy) + y(20 - 5xy) = 90 -jlO 
I0x+ 10j = 90 

x+y = 9 20-5xy = -70 

x = 9-y^> 20-5(9-j)j = -70 

5j(9-j) = 90 
j 2 -9y+ 18 = 0 



-(-9)±V(-9) 2 -4(l)(18) 

y= * 

2 

9±3 « i 



For j = 6, x = 3 
_y = 3, x = 6 
(x = 3, y = 6) or (x = 6, j = 3) 





d. 


80 Z0° . . ~ _ . ~ . ._ 

= 4 Z-<9 = 3.464 - /2 = 

40Z<9 

0 = 30° 


4Z- 


30° 


48. 


a. 


160.0 Z30° 


b. 


25 x 10 3 Z-40° 




c. 


70.71 Z-90° 


d. 


14.14 Z0° 




e. 


4.24 x 10 6 Z90° 


f. 


2.55 x 10 -6 Z70° 


49. 


a. 


56.57 sin(377f + 20°) 


b. 


169.68 sin (377* + 10°) 




c. 


11.31 xl0 _3 sin(377f+ 120°) 


d. 


7.07 sin(377f + 90°) 




e. 


1696.8 sin(377f-50°) 


f. 


6000 sin(377f-180°) 



50. (Using peak values) 

e in = v a + v h => v a = e m - v h 

= 60 V Z20° - 20 V Z-20° 
= 46.49 VZ 36.05° 
and e m = 46.49 sin (377* + 36.05°) 

5 1 . 4 = i\ + z - 2 => i\ = i s - h 

(Using peak values) = (20 x 10~ 6 A Z60°) - (6 x 10~ 6 A Z-30°) = 20.88 x 10~ 6 A Z 76.70° 
h = 20.88 x 10 6 sin (art + 76.70°) 

52. e = v a + v>b + u c 

= 60 V Z30° + 30 V Z60° + 40 V Z120° 
= 102.07 VZ62.61° 
and e = 102.07 sin(orf + 62.61°) 
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53. (Using effective values) 

I. s = Ii + I 2 + h = 4.24 mA Z180° + 5.66 mA Z-180° + 1 1.31 mA Z-180° 

= -4.24 mA -5.66 mA- 11.31 mA 

= 21.21 x 10~ 3 sin (377?+ 180°) 
4 = -21.21 x 10~ 3 sin 377* 
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Chapter 15 



1. a. Z0° = 6.8QZ0° = 6.8Q 

b. X L = coL = (377 rads/s)(1.2 H) = 452.4 Q 
X L Z 90° = 452.4 Q Z 90° = +/452.4 Q 

c. X L = 2nfL = (6.28)(50 Hz)(0.05 H) = 15.7 Q. 
X L Z 90° = 15.7 Q Z 90° = +/15.7 Q 

d. X c = — = t — = lkQ 

aC (100 rad/s)(10xl0 F) 

X c Z -90° = 1 kQ Z -90° = -yl kQ 

e. X c =— = 5 t — = 318.47 Q 

2^/C 2;r(10xl0 Hz)(0.05xl0 F) 

X c Z -90° = 318.47 Q Z -90° = -y318.47 Q 

f. R Z 0° = 220 Q. Z 0° = 220 Q 

2. a. V = 10.61 V Z 10°, I = ™- = 10 ' 61 V Z1 °° = 3.54 A Z 10° 

RZ0° 3 Q Z0° 

* = 5sin (at +10°) 

VZO 39 60VZ10 0 
b. V = 39.60 VZ 10°, I- = - 5.66 A Z -80° 



X Z Z90° 7 Q Z90° 



i = 8 sin (at - 80°) 



V . 17.68 V Z -20". I - ¥A9 - 1768VZ - 2 °° = 0.1768 A Z 70" 



X c Z-90° 100QZ-90 0 



i = 0.25 sin (at + 70°) 



d. V - 2.828 m V Z -120°, I - 2.828 m V Z -120° _ ^ 

i?Z0° 5.1kQZ0° 
/ = 0.785 x 10"" sin (e*-120°) 

, V= 11 .312VZ60°,I=-^ = "- 312V ^ ■ 150.03 mA Z -30° 

X L Z90° (377 rad/s)(0.2 H Z90°) 

i = 106.09 x 10 -3 sin (377* - 30°) 

f. y = 84.84 V Z 0°, X c = — *— = = 15.924 Q. 

2nfC 2n{5 kHz)(2 juF) 

VZO 84.84 VZO° „„„ 

5.328 A Z90° 



X c Z-90° 15.924 QZ -90° 



i = 7.534 sin (at + 90°) 
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3. a. I = (0.707)(4 mA Z 0°) = 2.828 mA Z 0° 

V = (IZ 0°)(R Z 0°) = 2.828 mA Z 0°)(22 QZ0°) = 62.216 mV Z 0° 
v= 88 x 10 3 sin art 

b. I = (0.707)(1.5 A Z 60°) = 1.061 A Z 60° 

X L = coL = (1000 rad/s)(0.016 H) = 16 Q 

V = (/Z 6^ Z 90°) = (1.061 AZ60°)(16QZ90°) = 16.98 VZ 150° 

u= 16.98 sin(1000f + 150°) 

c. I = (0.707)(2 mA Z 40°) = 1.414 mAZ 40° 

X c = — = 7 — = 127.39 kQ 

coC (157rad/s)(0.05xl0 F) 

V = (7Z 6)(X C Z -90°)= 1.414 mA Z 40°)(127.39 kQ Z -90°) = 180.13 V Z -50° 

F p = V2 (180. 13 V) = 254.7 V 
and v= 254.7 sin (157* -50°) 

4. a. Z T = 6.8 Q + 78.2 Q = 10.65 Q Z 50.33° 

b. Z r = 2 Q -j6 Q + 10 Q = 12 Q -y'6 Q = 13.42 Q Z -26.57° 

c. Z r = 1 kQ + y3 kQ + 4 kQ + /7 kQ = 5 kQ + ylO kQ = 11.18 kQ Z 63.44° 

5. a. Z r = 3 Q + y4 Q -y5 Q = 3 Q -y'l Q = 3.16 Q Z -18.43° 

b. Z r = 1 kQ + jS kQ - y4 kQ = 1 kQ + y4 kQ = 4.12 kQ Z 75.96° 

c. L r = 240mH 

X L = coL = 2nfL = 2^10 3 Hz)(240 x 10~ 3 H) = 1.51 kQ 
1 1_ 

2nfC 2tt{\ 0 3 Hz)(0. 1 x 1 0~ 6 F) 
= 470 Q + /1.51 kQ -y'1.59 kQ 
= 470 Q -y80 Q = 476.76 Q Z -9.66° 

F 1 20 V Z0° 

6. a. Z T =— = = 2 Q Z -70° = 0.684 Q -yl.879 D. = R -jX c 

I 60AZ70 0 

b. Z T = — = = 4 kQ Z 280° = 4 kQ Z -80° = 0.695 kQ -y3.939 Q 

I 20 mA Z40° 



X c = - = ; t = 1.59 kQ 



R-jX ( 



c 



F 8 kV Z0° 

c. Z T = — = = 40 kQ Z 60° = 20 kQ + /34.64 kQ = R + jX L 

I 0.2AZ-60 0 
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7. a. 



Z r = 8 Q +j6 Q = 10 n Z 36.87° 



c. I = E/Z r = 100 V Z 0710 Q Z 36.87° = 10 A Z -36.87° 

V* = (/Z 6>)CR Z 0°) = (10 A Z -36.87°)(8 Q Z 0°) = 80 V Z -36.87° 
V L = (I Z Z 90°) = (10 A Z -36.87°)(6 Q Z 90°) = 60 V Z 53.13 c 

f. i 5 = 7 2 7? = (10A) 2 8Q = 800W 

g. F p = cos Q r = R/Z T = 8 Q/10 Q = 0.8 lagging 

h. v R = 113.12 sin(e*- 36.87°) 
t4= 84.84 sin(G*+ 53.13°) 

i = 14.14 sin (<af- 36.87°) 

a. Z T =6D. -j30 Q. = 30.59 Q Z-78.69 0 

120VZ20° =392AZ9869 . 

Z r 30.59QZ- 78.69° 



Vjs = (/ Z6)(R Z0°) = (3.92 A Z98.69°)(6 Q Z0°) = 23.52 V Z98.69° 

V c = (/ Z6)(X C Z-90°) = (3.92 A Z98.69°)(30 D. Z-90°) = 117.60 V Z8.69° 

f. P = I 2 R = (3.92 A) 2 6 n = 92.2 W 

g. F p = fl/Z r = 6 Q/30.59 Q = 0.196 leading 

h. i = 5.54 sin(377f + 98.69°) 

= 33.26 sin(377f + 98.69°) 
v c = 166.29 sin(377f + 8.69°) 



a. X c = = = =795.77 Q 

2k fC 2n{\ 0 3 Hz)(0.2 x 1 0~ 6 F) 

Z r = 2.2 kQ -jl95.il Q = 2.34 kQ Z-19.89° 

b. I = E/Z r = 14.14 V Z072.34 kQ Z-19.89° = 6.04 mA Z19.89° 

c. \ R = (I Z6){R Z0°) = (6.04 mA Z 19.89°)(2.2 x 10 3 Q. Z0°) = 13.29 V Z19.89 0 
V c = (/ Z9){X C Z-90°) = (6.04 mA Z19.89°)(795.77 D. Z-90°) 

= 4.81 V Z-70.11° 

d. P = I 2 R = (6.04 mA) 2 2.2 kQ = 80.26 mW 
F p = cos 0 T = cos 19.89° = 0.94 leading 
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10. a. 



Z r = 4 Q +j6 Q -y'10 Q = 4 Q -y4 Q = 5.66 Q Z-45° 



c. X L = coL^L=^ = — — — = 16mH 
oo 377rad/s 

X c = — => C = -^— = =265 

coC ooX c (377rad/s)(10Q) 

50VZ0° . M3AZM . 
Z r 5.66QZ-45° 

V* = (/ Z6)(R Z0°) = (8.83 A Z45°)(4 Q Z0°) = 35.32 V ^45° 
Vi = (/ Z6)(X L Z90°) = (8.83 A Z45°)(6 Q Z90°) = 52.98 V Z135° 
V c = (/ Z9)(X C Z-90°) = (8.83 A Z45°)(10 Q Z-90°) = 88.30 V Z-45 c 

f. E = Vr + Vt + Vc 

50 V Z0° = 35.32 V Z45° + 52.98 V Z135° + 88.30 V Z-45° 
50 V Z0° = 49.95 V Z0° = 50 V Z 0° 

g. P = I 2 R = (8.83 A) 2 4Q = 311.88 W 

h. F p = cos 0 T = — = 4 Q/5.66 Q = 0.707 leading 

Zt 

i. i = 12.49 sin(377f + 45°) 
e = 70.7 sin 377* 

v R = 49.94 sin(377f + 45°) 
v L = 74.91 sin(377f+135°) 
uc= 124.86 sin(377f-45°) 

11. a. Z r = 1.8 kQ +y2 kQ -y0.6 kQ = 1.8 kQ+y'1.2kQ = 2.16 kQ Z33.69° 

c. X c = — =^ C = — ^ = = 5.31uF 

coC ooX c (314rad/s)(0.6kQ) 

X L = ^^L=^= 2xl ° 3Q =6.37H 
co 314rad/s 



d. I = E/Z r = 4.242 V Z6072.16 kQ Z33.69° = 1.96 mA Z26.31° 

V R = (IZ9)(R Z0°) = (1.96 mA Z26.31°)(1.8 kQ Z0°) = 3.53 V Z26.31° 
Vi = (IZ9)(X L Z90°) = (1.96 mA Z26.31°)(2 kQ Z90°) = 2.68 V Z116.31 0 
V c = (I Z6)(X C Z-90°) = (1.96 mA Z26.31°)(0.6 kQ Z-90°) = 1.18 V Z-63.69° 

g. P = I 2 R = (1.96 mA) 2 1.8 kQ = 6.91 mW 

h. F p = cos 9 r = cos 33.69° = 0.832 lagging 
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i = 2.77 x 10" 3 sin(o>f + 26.31°) 
v R = 4.99 sin(<yf + 26.31°) 
v L = 3J9 sin(<yf + 116.31°) 
v c = 1.67 sin(<yf - 63.69°) 



12. r 80 n(rms) = 0.7071 



13. 



a. 



f 4527V A 



16 V 



_ 80Q(20V) _ 

scope SOQ + R 

1600 = 1280+ 16 R 

R=™ = 2» a 
16 



Fi(rms) = 0.7071 



'21.28V 
I 2 
7.524 V 



29.94 mA 



7.524 V 



= 251.303 D. 



X L = 2nfL ^>L = 



251.303Q 



2nf 2^(1 kHz) 



= 39.996 mH = 40 mH 




E 2 =V 2 +V 2 



V R = Je 2 -v l 2 

= 7(100 V)- (56.611) = 743389 = 6.587 V 



29.94 mA 



= 220 a 



14. F«(rms) = 0.7071 



( 8.27 V A 




2.924 V 



V C =^E 2 -V 2 

= 7144-8.55= 7135.45 = 11.638 V 



2 924 V 
Ic = h= =292.4 //A 

lOkQ M 

1L638V = 39.802 kQ 

9Q9 A ii A 



_ *c 11-638 V 
C 7^ 292.4 juA 



X c = 



—^—^C= = = 99.967 pF s 100 pF 

2nfC 2nfX c 2^(40 kHz)(39.802kQ) 
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(2knzo°)(i20vz60^ 240VZ60- ^ 9WVZ . 1596 . 

2kQ + y8kQ 8.25Z75.96° 
(8kQZ90 o )(120VZ60°)_ 



8.25kQZ75.96° 



116.36 V Z74.04 c 



= r40QZ90°)(60VZ5°) = 2400VZ95° = ^ y ^ 



6.8Q + y'40Q + 22Q 28.8 + y'40 
(22 Q Z0°)(60 V Z5°) _ 1.32kVZ5° 



49.29 n Z54.25° 49.29 Q Z54.25° 



26.78 V Z-49.25 0 



OonzwxMVZTO-). 

20Q + y'20Q-y'40Q 
28.28QZ-45 0 

b. Z r = 4.7 kQ + y30 kQ + 3.3 kQ -ylO kQ = 8 kQ + y20 kQ = 21.541 kQ Z68.199 0 
Z' T = 3.3 kQ + y30 kQ -ylO kQ = 3.3 kQ + y20 kQ = 20.27 kQ Z80.631 0 
(20.27kQZ80.631°)(120VZ0°) = ^ y ^ ^ 
Z r 21.541 kQZ68. 199° 

y 2 = h^L Z£=3.3kQ-ylOkQ = 10.53 kQ Z-7 1.737° 

= (10.53kQZ-71.737°)(120VZ0^ 58>66 z _ 139>94<5 
21.541 kQZ68.199° 

17. a. = coL = (377 rad/s)(0.4 H) = 150.8 Q 

X c = — = =663 Q 

©C (377rad/s)(4//F) 

Z r = 30 Q + yl50.8 Q -y663 Q = 30 Q -y'512.2 Q = 513.08 Q Z-86.65° 

T E 20VZ40 0 t 

I — = = 39 mA Z126.65° 

Z r 513.08QZ-86.65 0 

V R = (IZ 6)(R Z 0°) = (39 mA Z126.65°)(30 Q Z0°) = 1.17 V Z126.65° 
V c = (39 mA Z126.65°)(0.663 kQ Z-90°) = 25.86 V Z36.65° 

R 30 Q 

b. cos 6 j = — = = 0.058 leading 

Z T 513.08Q 

c. P = I 2 R = (39 mA) 2 30 Q = 45.63 mW 

_ (30 a Z0°)(20 V Z40°) _ 600 V Z40° _ 

Z r 513.08 QZ-86.65° 

_ (0.663kQZ-90°)(20VZ40°) _ 
513.08QZ-86.65 0 

g. Z r = 30 Q -7512.2 Q = R -jX c 
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18. a. X L = coL = (377 rad/s)(0.4 H) = 150.8 Q. 

X c = — = l - t — = 12.06 Q 

coC (377rad/s)(220xl0~ 6 F) 

Z T = 30 Q + y'150.8 Q -y'12.06 Q 

= 30 Q + jl38.74 Q. = 141.95 Q. Z77.80 0 
I = E/Z r = 20 V Z407141.95 Q. Z77.80 0 = 140.89 mA Z-37.80 0 
Y R = (7 Z <9)(i? Z0°) = (140.89 mA Z-37.80°)(30 Q Z0°) = 4.23 V Z-37.80 0 
V c = (/ Z 0)(X C Z-90°) = (140.89 mA Z-37.80°)(12.06 Q Z-90°) 

= 1.70 V Z-127.80 0 



b. F p = cos # r = RIZ T = 30 Q/141.95 O = 0.211 lagging 

c. P = I 2 R = (140.89 mA) 2 30 0= 595.50 mW 

= (30QZ0 o )(20VZ40°) 
141.95 QZ77.80 0 
(12.06 QZ- 90°)(20 VZ40°) 



V* = = 4.23 V Z-37.80 0 

141.95 QZ77.80 0 



V c = — = 1.70 V Z-127.80 0 

141.95 QZ77.80 0 



g. Z T =30Q+jl38.74n = R+jX L 

19. P= F/ cos #^ 8000 W = (200 V)(7)(0.8) 
7 ^ 8000A^ 50A 
160 



0.8 = cos 9 

# = 36.87° 

V = 200 V Z0°, / = 50 A Z-36.87° 

V 200 V Z0° 

Z r = — = =4QZ36.87° = 3.2Q+y2.4Q 

I 50AZ-36.87 0 



20. P= VI cos 0^-300 W = (120V)(3 A) cos (9 

cos # = 0.833 ^9 = 33.59° 

V = 120 V Z0°, I = 3 A Z-33.59° 

V 120VZ0 0 

Z T = — = = 40 D. Z33.59° = 33.34 Q + y22.10 D. 

I 3AZ-33.59° 

R T = 33.34 Q = 2 Q + 7? =>7? = 31.34 Q 



o — — — nsjRr — 

* 2D 31.34 D 22.10 £2 
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21. a. Z r = ^R 2 +Xl Z\an l XJR 



f 




Qj 


OHz 


i.o kn 


0.0° 


1 kHz 


1.008 kQ 


7.16° 


5 kHz 


1.181 kQ 


32.14° 


10 kHz 


1.606 kQ 


51.49° 


15 kHz 


2.134 kQ 


62.05° 


20 kHz 


2.705 kQ 


68.3° 



90° 



45° 



Z 7 (kQ) 



(R = 1 k£2) 



— I 1 — 

10 15 



20 



f(kHz) 



,e 7 




I^T 1 1 


^ -*-»(X L ) 



10 15 20 



/(kHz) 



b. 



f 


V L 


OHz 


0.0 V 


1 kHz 


0.623 V 


5 kHz 


2.66 V 


10 kHz 


3.888 V 


15 kHz 


4.416 V 


20 kHz 


4.646 V 



V L (Volts) 




10 15 20 



/(kHz) 



c. 



/ 


9 L = 90° - tan" 1 XJR 


OHz 


90.0° 


1 kHz 


82.84° 


5 kHz 


57.85° 


10 kHz 


38.5° 


15 kHz 


27.96° 


20 kHz 


21.7° 




/(kHz) 
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/ 


V R = RE/Zj 


OHz 


5.0 V 


1 kHz 


4.96 V 


5 kHz 


4.23 V 


10 kHz 


3.11 V 


15 kHz 


2.34 V 


20 kHz 


1.848 V 



V R (Volts) 



22. a. Z T = ^Jr 2 + x 2 c Z-tan X X C IR 

|Zr| = ^R 2 + X 2 , 6 T = -tan l X c /R 



f 



OkHz 
1 kHz 
3 kHz 
5 kHz 
7 kHz 
10 kHz 



ooQ 
333.64 Q. 
145.8 D. 
1 18.54 D. 
109.85 D. 
104.94 D. 




1 5 10 



-90.0° 

-72.56° 

-46.7° 

-32.48° 

-24.45° 

-17.66° 



f(kHz) 



400 Q 
300 Q 
200 Q- 
R= 100Q 



°0 123456 78 9 10 /(kHz) 



(R-*0°) 




01 23456 789 10 f(kHz) 
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b. Vc= (^-90°)(^0^ X C E z _ 9QO + tan - 1Xc/j? 



\Vc\ = 



X C E 



f 



OHz 
1 kHz 
3 kHz 
5 kHz 
7 kHz 
10 kHz 



Vr 



10.0 V 
9.54 V 
7.28 V 
5.37 V 
4.14 V 
3.03 V 



£= 10 V 



5 V 



V c (w\ls) 



(-►OV) 



I I I I I I 



12345 6 78 9 10 f(kHz) 



9c = -90° + tan" 1 X C IR 



f 



OHz 


0.0° 


1 kHz 


-17.44° 


3 kHz 


-43.3° 


5 kHz 


-57.52° 


7 kHz 


-65.55° 


10 kHz 


-72.34° 




RE 



f 



Vr 



OHz 
1 kHz 
3 kHz 
5 kHz 
7 kHz 
10 kHz 



0.0 V 
3.0 V 
6.86 V 
8.44 V 
9.10 V 
9.53 V 



£= 10 V 




1 I I I I I 



12345 6 78 9 10 f(kHz) 
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23. a. Z r = ^R 2 + (X L - X c f Ztm\X L - X c )l R 



f 


Z T 


Qj 


OHz 


ooQ 


-90.0° 


1 kHz 


19,793.97 Q. 


-87.1° 


5 kHz 


3,496.6 D. 


-73.38° 


10 kHz 


1,239.76 Q 


-36.23° 


15 kHz 


1,145.47 n 


+29.19° 


20 kHz 


1,818.24 n 


+56.63° 



b. 



\Vc\=^~ 



f 



OHz 
1 kHz 
5 kHz 
10 kHz 
15 kHz 
20 kHz 



120.0 V 
120.61 V 
136.55 V 
192.57 V 
138.94 V 
65.65 V 



/ 


/ 


OHz 


0.0 mA 


1 kHz 


6.062 mA 


5 kHz 


34.32 mA 


10 kHz 


96.79 mA 


15 kHz 


104.76 mA 


20 kHz 


66.0 mA 



= 1 kn 



+90°-- 




fi[kHz) 



/(kHz) 



200 



100 



/(kHz) 



100 



15 10 15 20 



/(kHz) 
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24. a. X c =— *— = R=>f= — - — = =1.54 kHz 

2nfC 2nRC 2^(220 Q)(0.47 //F) 

b. Low frequency: X c very large resulting in large Z T 

High frequency: X c approaches zero ohms and Z T approaches R 

c. f= 100 Hz: X c = = = 3.39kQ 

2nfC 2^(100 Hz)(0.47 //F) 

Zt = Xc 

f= 10 kHz: X c = —^— = 1 = 33.86 Q 

2nfC 2^(10 kHz)(0.47 //F) 

Z T = R 



e. /"= 40 kHz: X c = = = 8.47 kQ 

2nfC 2^(40 kHz)(0.47 juF) 

^X c _j8.47Q 

9= -tan 1 — = -tan 1 = -2.2° 

R 220 Q 

25. a. Z r = 91 QZ0 o = tfZ0°, Y r = 10.99 mS Z0° = G Z0° 

b. Z r = 200 Q Z90° = Xi Z90°, Y r =5mS Z-90° = B L Z-90° 

c. Z r = 0.2 kQ Z-90° = X c Z-90°, Y r = 5.00 mS Z90° = B c Z90° 

= (10QZ0°)(60QZ90°) = Z9-46<5 = 9<?3 = ^ 

10Q + y60Q 
Y r = 0.10 S Z-9.46° = 0.1 S -./0.02 S = G -jB L 

e. 22Q||2.2Q = 2Q 

= (2QZ0°)(6QZ-90°) = 12QZ-90° = ^ fl ^ ^ 
2Q-y6Q 6.32QZ-71.57 0 

= 1.80 Q -7O.6 n = R -jX c 
Y T = 0.53 S Z18.43° = 0.5 S + yO.17 S = G + jB c 



1 1 1 



3kQZ0° 6kQZ90° 9kQZ-90° 
0.333 x 10~ 3 Z0° + 0.167 x 10~ 3 Z-90° + 0.1 1 1 x 10~ 3 Z90° 
0.333 x 10" 3 S -yO.056 x 10" 3 S = 0.34 mS Z-9.55° 

G-jB L 

-- — = 2.94 kQ Z9.55° = 2.90 kQ + y0.49 kQ 
Y 
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26. a. Z r = 4.7 Q + 78 Q = 9.28 Q Z 59.57°, Y r = 0.108 S Z-59.57 0 

Y r = 54.7 mS -y93.12 mS = G -jB L 

b. Z r = 33 Q + 20 Q -y70 D. = 53 Q -y70 fi = 87.80 Q Z-52.87° 
Y r = 11.39 mS Z52.87° = 6.88 mS + y9.08 mS = G + yS c 

c. Z T = 200 Q + y500 Q -76OO n = 200 fi -ylOO Q = 223.61 Q Z-26.57° 
Y r = 4.47 mS Z26.57° = 4 mS +/2 mS = G + yS c 

27. a. Y r = — = 60 A Z7Q ° = 0.5 s Z70° = 0.171 S + yO.470 S = G+jB c 

E 120VZ0 0 

R = — = 5.85 Q,X C = — =2.13Q 
G 5 C 

1 ?0mA /40° 

b. Y r = - = — — = 0.25 mS Z-280° = 0.25 mS Z80° 

E 80VZ320 0 

= 0.043 mS + y0.246 mS = G + jB c 

R = — = 23.26 kD, X c = — = 4.07 kD 

G Be 

c. Y r = -= Q " 2AZ ~ 6Q ° = 0.25 mS Z-6O 0 = 0.0125 mS -yO.02165 mS = G -jB L 

E 8kVZ0° 

R = — = 80kQ,X L = — = 46.19 kD 

G B L 

28. a. Y r = + =0.1 S-y0.05S = 111.8 mS Z-26.57° 

10QZ0° 20QZ90 0 

c. E = \JY T = 2 A Z071 1 1 .8 mS Z-26.57°= 17.89 V Z26.57° 

I* = l^f-= 17.89 V Z26.57710 Q Z0° = 1.79 A Z26.57° 

RZ0° 

F /ft 

l L = — = 17.89 V Z26.57720 Q Z90° = 0.89 A Z-63.43° 

XiZ90° 

f. P = I 2 R = (1.79 A) 2 10 Q = 32.04 W 

§• F p = — = 11 ( !"! ? S C = °- 894 la gg in g 
Y T H1.8mS 



h. e = 25.30 sin(377f + 26.57°) 
i R = 2.53 sin(377f + 26.57°) 
?£ = 1.26 sin(377f- 63.43°) 
L = 2.83 sin 377* 
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10kQZ0° 20kQZ-90° 

= 0.112 mS Z26.57° 



c. E = — = 2mAZ2 °° = 17.89 V Z-6.57° 

Y T 0.1118mSZ26.565° 

E 17.89 VZ-6.57° , „„ 
1^ = — = = 1.79 mA Z-6.57° 

Z R 10kQZ0° 

Z C 20kQZ-90° 

e. l s = I R + I C 

2 mA Z20° = 1.79 mA Z-6.57° + 0.90 mA Z83.44° 

= 1.88 mA+y0.69 mA 
2 mA Z20° ^2 mA Z20.15 0 

f. P = / 2 tf = (1.79 mA) 2 10 kQ = 32.04 mW 

„ G O.lmS 

g. F„ = — = = 0.894 leading 

P Yt 0.1118mS 

h. co = 2nf= 377 rad/s 

/, = 2.83 x 10~ 3 sin(<yf + 20°) 
i R = 2.53 x 10" 3 sin(<yf - 6.57°) 
ic= 1.27 x 10 -3 sin(<yf + 83.44°) 
e = 25.3 sin(<yf - 6.57°) 

30. a. Y r = + = 0.083 S-yO.l S = 129.96 mSZ-50.31 c 

12QZ0 0 10QZ90 0 

c. I i = EY r =(60 VZ0°)(0.13 SZ-50.31 0 ) = 7.8 A Z-50.31 0 

F / O 

l R = = 60 V Z0712 Q Z0° = 5 A Z0° 

RZ0° 

F / O 

- -=60 V Z0710 Q Z90° = 6 A Z-90° 



XiZ90° 



P = I 2 R = (5 A) 2 12 n = 300 W 



F p = G/Y T = 0.083 S/0.13 S = 0.638 lagging 

e = 84.84 sin 377* 

i R = 7.07 sin 377* 

i L = 8.484 sin(377f-90°) 

4 = 11.03 sin(377f- 50.31°) 
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31. a. Y r = l - + + 

1.2QZ0 0 2QZ90° 5QZ-90 0 

= 0.833 S Z0° + 0.5 S Z-90° + 0.2 S Z90° 
= 0.833 S -y0.3 S = 0.89 S Z-19.81° 
Z r = 1.12 QZ 19.81° 

c. X c =—^C = - i — = = 531 nF 

coC aX c (377rad/s)(5Q) 

X i 2D. 
X L = o)L^L = ±± = = 5.31 mil 

oo 377rad/s 

d E= Js_ = (0-707X3 A) Z60° = 2.121AZ60" = ^ y 
Y T 0.885SZ-19.81 0 0.885SZ-19.8F 

RZ0° 1.2QZ0 0 
= _EZ^_ = 2.397 VZ79.81° = ^ A ^ 
XiZ90° 2QZ90° 

1 C = = 2 - 397VZ79 - 81 ° = 0.48AZ169.81° 

Xc^"90° 5QZ-90 0 

f. I s = I R + I L + I c 

2.121 A Z60° = 2.00 A Z79.81° + 1.20 A Z-10.19 0 + 0.48 A Z169.81° 
2.121 AZ60° = 2.13 AZ60.01 0 

g. P = I 2 R = (2.00 A) 2 1.2 Q = 4.8 W 

F G_ = 0^=0.941 lagging 

P Y T 0.885 S 

i. e = 3.39 sin(377f + 79.81°) 
i* = 2.83 sin(377f+ 79.81°) 
zi = 1.70 sin(377f- 10.19°) 
z c =0.68 sin(377f+ 169.81°) 

1 1 1 

32. a. Y r = 



3kQZ0° 4kQZ90° 8kQZ-90° 
= 0.333 mS Z0° + 0.25 mS Z-90° + 0.125 mS Z90° 
= 0.333 mS + yO.125 mS = 0.356 mS Z20.57° 

c. X L = coZ => Z = XJ® = 4000 Q/377 rad/s = 10.61 H 

X c = — => C = — !— = = 0.332 M F 

ooC ©Xc (377rad/s)(8kQ) 
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d. E = JJY T = 3.535 mA Z-2070.356 mS Z20.57 0 = 9.93 V Z-40.57 0 

I* = ^^-=9.93 VZ-40.5773 kQ Z0° = 3.31 mA Z-40.57 0 

i?Z0 o 

F /ft 

I L = = 9.93 VZ-40.5774 kQ Z90° = 2.48 mA Z-130.57 0 

XiZ90° 

F /ft 

I c = — = 9.93 VZ-40.5778 kQ Z-90° = 1.24 mA Z49.43° 

g. P = I 2 R = (3.31 mA) 2 3 kQ = 32.87 mW 

h. F p = G/Y T = 0.333 mS/0.356 mS = 0.935 leading 

i. e = 14.04 sin(377f - 40.57°) 

is = 4.68 x 10 3 sin(377f - 40.57°) 
i L = 3.51 x 10 3 sin(377f - 130.57°) 
ic = 1.75 x 10 3 sin(377f + 49.43°) 

1 1 1 

33. a. Y r = + + ■ 



5QZ-90 0 22QZ0 0 10QZ90 0 
= 0.2 S Z90° + 0.045 S Z0° + 0.1 S Z-90° 
= 0.045 S +y0.1 S = 0.110 S Z65.77° 
Z r = 9.09 QZ -65.77° 

c. C=— !— = =636.9 fi¥ 

coX c (377 rad/s)(5 Q) 

l= Xl = 10O =3L8mH 
co 314rad/s 

d. E = (0.707)(35.4 V) Z60° = 25.03 V Z60° 

I s = EY r = (25.03 V Z60°)(0. 1 1 S Z65.77°) = 2.75 A Z12S.1T 

1 C = EZ9 = 25 - 03VZ60 ° = 5AZ150° 
Xc^"90° 5Z-90 0 

R Z0° 22 Q Z0° 
XiZ90° 10QZ90 0 

f. I^Ic+I^ + Ii 

2.75 A Z125.77 0 = 5 A Z150° + 1.14 A Z60° + 2.50 A Z-30° 
= (-4.33 + y'2.5) + (0.57 + y0.9) + (2.17 -yl.25) 
= -1.59+y2.24 

= 2.75 Z125.4° 

g. i> = / 2 i? = (1.14 A) 2 22 Q = 28.59 W 
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F p =— = 



G 0.045 S 



Y T 0.110S 



= 0.409 leading 



<? = 35.4 sin(314f + 60°) 
i s = 3.89 sin(314f + 125.77°) 
i c = 7.07 sin(314f+150°) 
Zfl = 1.61 sin(314f+60°) 
z'i = 3.54 sin(314f-30°) 

l = (SO D. Z90°)(20 A Z40°) _ 1 600 A Zl 30° 
1 22Q + j80Q 82.97 Z74.62° 

. _ (22QZ0°)(20AZ40°) _ 440AZ40 0 



19.28 A Z55.38 c 



82.97 QZ74.62° 



82.97 Z74.62° 



= 5.30 A Z-34.62° 



(12 Q - 76 Q)(6 A Z30°) _ (13.42 Z - 26.57°)(6 A Z30°) 
12Q-y6Q + y'4Q 12 -y2 

12.17Z-9.46 0 

(4 n Z90°)(6 A Z30°) _ 24 A Z120° 



12. 17 QZ- 9.46° 



12.17Z-9.46 0 



= 1.97 A Z129.46° 



^zo°;rx c ^-9o°;_ 



Z-90° + tan _1 X c /7? 



^"7^ c 



4r 2 + X 2 c 



^R 2 + x { 



<9 r = -90° + taiT 1 X c /R 



/ 



0 T 



0 Hz 

1 kHz 

2 kHz 

3 kHz 

4 kHz 

5 kHz 
10 kHz 
20 kHz 



40.0 Q 
35.74 D. 
28.22 n 

22.il n 

17.82 D. 
14.79 D. 

7.8i n 

3.959 n 



0.0° 
-26.67° 
-45.14° 
-56.44° 
-63.55° 
-68.30° 
-78.75° 
-89.86° 




-45' 



4 6 8 10 12 14 16 18 20 /(kHz) 
R = 40Q 




2 ~4 6 8 10 12 14 16 18 20 /(kHz) 
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b. 



\Vc\ = 



_JBX SL _ 

^ +X 2 C 



f 



OkHz 

1 kHz 

2 kHz 

3 kHz 

4 kHz 

5 kHz 
10 kHz 
20 kHz 



V c (volts) 



2.0 V 
1.787 V 
1.411 V 
1.105 V 
0.891 V 
0.740 V 
0.391 V 
0.198 V 




0 2 



6 8 10 l£ 1*4 16 18 20 /(kHz) 



C. 



/ 


\M 


OkHz 


50.0 mA 


1 kHz 


44.7 mA 


2 kHz 


35.3 mA 


3 kHz 


27.64 mA 


4 kHz 


22.28 mA 


5 kHz 


18.50 mA 


10 kHz 


9.78 mA 


20 kHz 


4.95 mA 



J R (mA) 




8 To 12 14 16 18 20 /(kHz) 



36. a. 



(RZ0°)(X L Z90°)_ RX L , nnc _,, 



R+JX L 



Z90° - tanX L /R 



RX, 



^R 2 + X 



0 T =90°- tan" l XJR 



f 


\Z T \ 




0 Hz 


o.o kn 


90.0° 


1 kHz 


1.22 kn 


75.86° 


5 kHz 


3.91 kQ 


38.53° 


7 kHz 


4.35 kQ 


29.6° 


10 kHz 


4.65 kQ 


21.69° 




f(kHz) 



1 23456789 10 /(kHz) 
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X, 



f 


\h\ 


OHz 


00 


1 kHz 


31.75 mA 


5 kHz 


6.37 mA 


7 kHz 


4.55 mA 


10 kHz 


3.18 mA 



E 40 V 
Ir = — = — — = 8 mA (constant) 



R 5kQ 



'/(mA) 



30 
20 
10H 



° 123456789 10 f(kHz) 
/ R (mA) 

84— • • • • * 



37. 



Jr 2 + xl , 

Y T = Z90° - ton l Xc/R 

RX r 



f 



07 



OHz 

1 kHz 

2 kHz 

3 kHz 

4 kHz 

5 kHz 
10 kHz 
20 kHz 



25.0 mS 
27.98 mS 
35.44 mS 
45.23 mS 
56.12 mS 
67.61 mS 
128.04 mS 
252.59 mS 



0.0° 
26.67° 
45.14° 
56.44° 
63.55° 
68.30° 
78.75° 
89.86° 



38. Y T = — (use data of Prob. 36), 0 T = - 6 T 



f 




Qj 


OHz 


OO 


-90.0° 


1 kHz 


0.82 mS 


-75.86° 


5 kHz 


0.256 mS 


-38.53° 


7 kHz 


0.23 mS 


-29.6° 


10 kHz 


0.215 mS 


-21.69° 



123456789 10 f(kHz) 



,Y r (mS) 




2 4 6 8 10 12 14 16 18 20 f(kHz) 
Y r (mS) 



G_= 0.2 mS=^ 
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39. a. Y T =GZ0°+B L Z-90 o +B c Z90° 



= ^G 2 + (B C -B L f Ztan 



1 B C ~ B L 

G 



f 



OHz X L ^OQ, Z r =OQ, 
y r =ooQ 

1kHz 1.857 mS 

5 kHz 1.018 mS 

10 kHz 1.004 mS 

15 kHz 1.036 mS 

20 kHz 1.086 mS 



/ 


N 


OHz 


-90.0° 


1 kHz 


-57.42° 


5 kHz 


-10.87° 


10 kHz 


+5.26° 


15 kHz 


+15.16° 


20 kHz 


+22.95° 



K r (mS) 



R 



20 f(kHz) 




-90*-, 1 



b. 



Zt= —,e T =-e 



f 


Z T 


Qj 


0 kHz 


0.0 Q. 


90.0° 


1 kHz 


538.5 Q. 


57.42° 


5 kHz 


982.32 D. 


10.87° 


10 kHz 


996.02 Q. 


-5.26° 


15 kHz 


965.25 Q 


-15.16° 


20 kHz 


921.66 n 


-22.95° 



1000 



°*-T 

90 c 
0 : 




8 10 



20 f(kHz) 



o 
o 

1 


1 








1 

o 


5 


8 TS" 


m 





/(kHz) 
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Vdf)=I[Z T (fi] 



f 



OkHz 
1 kHz 
5 kHz 
10 kHz 
15 kHz 
20 kHz 



Vc 



0.0 V 
5.39 V 
9.82 V 
9.96 V 
9.65 V 
9.22 V 



10V 




1 5 



8 10 



15 



20 f(kHz) 



//.= 



v c (f) 

X, 



f 



OkHz 


10.0 mA 


1 kHz 


8.57 mA 


5 kHz 


3.13 mA 


10 kHz 


1.59 mA 


15 kHz 


1.02 mA 


20 kHz 


0.733 mA 



J L (mA) 




8 10 



20 f(kHz) 



R P = 



R 2 + X] 



R 2 + X 2 



X.. 



(20 Q) 2 + (40Q) 2 _ 
20 D. 

2000 n 50^(0 



100 Q (R) 



40 



Rn 



X n 



R s +X * _(2kQ) 2 + (3kQ) 2 



R l + x 2 s 

x. 



2kQ 
(2kQ) 2 + (3kQ) 2 



3kQ 



6.5 Ml (R) 



4.33 kD (Q 



R, 



X = 



R 2 p x p 

K +r2 p 



(8.2kQ)(20kQ) 2 
(20kQ) 2 + (8.2kQ) 2 



7.02 kD 



(8.2kQ) 2 (20kQ) 



467.24 kQ 
Z r =7.02 kQ-y2.88kfi 



= 2.88 kQ. 



X, 



R pK 



(68 Q)(40Q) 2 
(40Q) 2 + (68 D.) 2 

(68Q) 2 (40Q) 



17.48 Q 



6224 Q 2 
Z T = 17.48 Q +729.72 D. 



29.72 Q 
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42. a. C T = 2pS 



X c = — = r- 1 = 79.62 Q. 

coC 2^-(10 3 Hz)(2//F) 

X L = wL = 2tt(10 3 Hz)(10 mH) = 62.80 Q 



1 1 1 

- + + - 



220QZ0 0 79.62 QZ-90° 62.8QZ90 0 

= 4.55 mS Z0° + 12.56 mS Z90° + 15.92 mS Z-90° 
= 4.55 mS -73.36 mS = 5.66 mS Z-36.44° 

E = VY T = 1 A Z075.66 mS Z-36.44° = 176.68 V Z36.44° 

F / 0 

\ R = = 176.68 V Z36.447220 D. Z0° = 0.803 A Z36.44° 

RZ0° 

\ L = EZ9 = 176.68 V Z36.44762.80 Z90° = 2.813 A Z-53.56 0 

X L Z90° 

b. F p = G/Yj = 4.55 mS/5.66 mS = 0.804 lagging 
e. P = I 2 R = (0.803 A) 2 220 D. = 141.86 W 



f. I i = I fl + 2I c + I i 

andl c = 

2 

= 1 A Z0° - 0.803 A Z36.44° - 2.813 A Z-53.56" 

2 

= 1- (0.646 + yO.477) - (1.671 -y2.263) _ -1.317 + yl.786 
2 " 2 

I c = -0.657 + yO.893 = 1.11 A Z126.43 0 

g. Z T = — = = 176.7 QZ36.44° 



Y r 5.66 mSZ- 36.44° 
= 142.15 Q + jl 04.96 Q = R + yXj 



L 



43. a. (i? = 220 Q) || (Z = 1 H) ||(C = 2//F) 

X c = — = ^ = 79.62 Q 

coC 2;r(10 3 Hz)(2//F) 

X L = coL = 2tt(10 3 Hz)(1 H) = 6.28 kQ 

1 1 1 

Y T = + ; + " 



220QZ0 0 6.28xlO J QZ90° 79.62QZ-90 0 
= 0.0045 -y'0.1592 x 10~ 3 + yO.0126 
= 4.5 x 10 3 -70.1592 x 10~ 3 +7'12.6 x 10~ 3 
= 4.5 mS + yi2.44 mS = 13.23 mS Z70.11° 
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E = I/Y r = 1 AZ0713.23 mS Z70.1 1° = 75.6 V Z-70.11° 

F / f) 

I R = = 75.6 V Z-70.1 17220 D. ZO° = 0.34 A Z-70.11° 

RZ0° 

F / 0 

' 75.6 V Z-70.1 176.28 kQ Z90° = 12.04 m A Z-160.11° 



XlZ90° 

b. F„ = — = 4-5 mS = 0.340 leading 

P Y T 13.23 mS 

c. P = I 2 R = (034A) 2 220 Q = 25.43 W 

f. 2I C =I,-I*-Ii 

¥ _ I s -I«-I L _lAZ0°-0.34AZ-70.11 o -12.04mAZ-160.11 o 
If — 

2 2 

1 - (0. 12 - jO.32) - (-1 1.32 x 1Q' 3 - J4A x 1Q" 3 ) 
" ~2 

_ 0.89 + yO.32 
2 

I c = 0.45 +jO. 1 6 = 0.47 A Z19.63° 

' ' 75.59 Q Z-70.1 1° = 25.72 Q -771.08 Q 



Y T 13.23 mSZ70.11° 
R = 25.12 Q,X C = 71.08 Q 



44. P = VI cos 6 = 3000 W 



n 3000 W 3000 W 3000 n „ _ . 

cos 6 = = = = 0.75 (lagging) 

VI (100V)(40A) 4000 

6 = cos~ l 0.75 = 41.41° 
I 40AZ-41.41 0 

- = =0.4 S Z-41.41° = 0.3 S -y0.265 S = G T -jB L 

E 100VZ0 0 

G r = 0.3 S= + — = 0.05 S+ — 
20 Q R' R' 

andR'= — = 4Q 
0.25 S 



X L = — = = 3.74Q 

S £ 0.265 S 



R'<4fl 8 3.74 D 
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45. a. 



(red) lead + 




(red) lead 



Channel 2 



(red) lead 



Channel 1 e ('V 
black lead 




(red) lead + 

Channel 1 e 0\s. 
black lead 




- r SSS s - 



R 



+ (red) lead ~|_ 
-(black) lead J~ 

. (red) lead 



Channel 2 



Channel 2 
(black) lead 



46. 



e and l>„ 



e and L 



red lead + 
*- 



Channel 1 e K\y 
black lead - 




red lead + 

>-! 



Channel 1 e 
black lead 



black lead - 
Channel 2 
red lead + 



L 



red lead + 
Channel 2 
black lead - 
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47. (I): (a) fl div . = 0.8 div., 6 T = 4 div. 

g= 0.8 div. x360 o = 72 o 

4 div. 
Ui leads Vi by 72° 

(b) ou peak-to-peak = (5 div.)(0.5 V/div.) = 2.5 V 



Fi(rms) = 0.7071 



2.5V^ 



= 0.88 V 



J 



\ 2 

vi. peak-to-peak = (2.4 div.)(0.5 V/div.) = 1.2 V 
1.2V N 



K 2 (rms) = 0.7071 



0.42 V 



(c) r=(4div.)(0.2ms/div.) = 0.8ms 

/= - = — - — = 1.25 kHz (both) 
T 0.8 ms 

(II): (a) e div . = 2.2 div., 6 T = 6 div. 

9= 22 dlV " x 360° = 132° 
6 div. 

t>! leads t>2 by 132° 

(b) <a: peak-to-peak = (2.8 div.)(2 V/div.) = 5.6 V 
^5.6V^ 



Fi(rms) = 0.7071 



= 1.98 V 



2 

vi. peak-to-peak = (4 div.)(2 V/div.) = 8 V 

'8V^ 



K 2 (rms) = 0.7071 



2.83 V 



v ± J 



(c) T= (6 div.)(10 //s/div.) = 60 /us 

f= — = = 16.67 kHz 

T 60 jus 



194 



CHAPTER 15 



Chapter 16 



1. a. Z r =2Q + y6Q + 8QZ-90° || 12QZ-90 0 

= 2Q +7 6Q + ( 8QZ - 9QO X 12QZ - 90 °)^Q +7 6Q + 

-78Q-7I2Q 20Z-90 0 

= 2 Q +76 Q + 4.8 Q Z-90° = 2 Q + j6D. -y'4.8 Q = 2 D. +j 1.2 Q 
Z r = 2.33QZ30.96° 

E 12 VZ0° 

b. I = — = _^±Z_____ = 5.15 A Z-30.96 0 

Z r 2.33QZ30.96 0 

c. h = I = 5.15 A Z-30.96 0 

d. (CDR)I, - Q2flZ-90°)(5.15 A Z -30.96°) _ 6L80 A Z- 120.96° _ 

-7I2Q-78Q 20Z-90° 

= (8QZ-90°)(5.15AZ-30.96°) = 41.2AZ-120.96° = ^ A 
20QZ-90 0 20Z-90 0 



e. Vi = {IZ6){X L Z90°) = (5.15 A Z-30.96°)(6 Q Z90°) = 30.9 V Z59.04 0 



2. a. Z r =3Q+j6Q + 2QZ0 o || 8 Q Z-90° 
= 3 Q. +j6 Q. + 1.94 Q Z-14.04 0 
= 3 Q +j6 Q. + 1.88 Q -y'0.47 Q 
= 4.88 Q + ./5.53 Q = 7.38 Q Z48.57° 

b. I,= A = 30VZ0° , 407AZ ^ 57O 

Z r 7.38QZ48.57 0 

Zj.1, (2QZ0°)(4.07AZ-48.57°) 

c. I c = ? = - 

Z Ri +Z c 2Q-jSD. 

8.25 Z- 75.96° 



_ Z L E _ (6QZ90 o )(30VZ0°) _ 180VZ90 0 

Z r 7.38QZ48.57° 7.38QZ48.57° 
= 24.39 V Z41.43° 



3. a. Z r = 12QZ90 0 || (9.1 Q-yl2Q) = 12QZ90 0 || 15.06 Q Z-52.826° 
_ 180.72 QZ37.17" 

9.10Z0 0 
= 19.86 Q. Z37.17° 

Y r = — = 1 =50.35 mS Z-37.17° 

Z r 19.86 Q. Z37.17° 
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Z T 19.86 QZ37.17 0 
.. nmi _ (12 nZ90°)(3.02AZ-7.17°)_ 36.24 AZ82.83 0 

C. (CJJiv) It ~ 

7l2Q + 9.1Q-yl2Q 9.1 Z0° 

= 3.98 A Z82.83 0 

Ammi . _ (12QZ-90°)(60VZ30°)_ 720VZ-60 0 

u. (VJJKj Vf 

9.1Q-yl2Q 15.06 Z- 52.826° 

= 47.81 V Z-7.17° 

e. P = EI cos 9 = (60 V)(3.02 A)cos(30° - 7. 17°) 
= 181.20(0.922) = 167.07 W 

. _ 0O (4QZ-90°)(6QZ90°) (4 Q. Z0°)(3 Q. Z90°) 

-74Q + 76Q 4Q + y3Q 

„^ 24QZ0° 12QZ90 0 
2Z90° 5Z36.87° 
= 2 n + 12 n Z-90° + 2.4 Z53.13° 
= 2 Q -j\2 O + 1.44 Q + j\.92 Q. 
= 3.44 Q -7IO.O8 Q = 10.65 Q. Z-l\.\6° 



b. V 2 = 1(2.4 D. Z53.13°) = (5 A Z0°)(2.4 D. Z53.13°) = 12 V Z53.13 

j _ (4 Q zo°)(i) _ (4 n zo°)(5 a zo°) _ 20 a zo° _ 4 A z 36 8?0 

4Q + y3Q 5QZ36.87° 5 Z36.87° ' 

7? 3.44Q 



F p = — = — = 0.323 (leading) 

Z T 10.65 Q. 



400 fi Z-90° 

400 Q. Z-90° II 400 Q Z-90° = = 200 Q Z-90° 

2 

Z' = 200 Q -j200 Q = 282.843 Q Z-45° 

Z" = -y200 Q + y'560 Q = +/360 Q = 360 Q Z90° 

Z =Z'II Z" = ( 282 - 843QZ - 45O X 360QZ90 °) _ 101-83 kQZ45° 
T (200fi-y200fi) + y360Q ~ 256.12 Z38.66° 

= 397.59 QZ6.34° 

- E 100 vzr -msa^jt 



Z r 397.59 QZ6.34° 

b V _ (200QZ-90 o )(100VZ0 o ) _ 20,000VZ-90° _ 7071vz ^ 0 
200n-y200Q 282.843 Z- 45° 

c. P = E1 cos 5 = (100 V)(0.25 A) cos 6.34° 
= (25)(0.994) = 24.85 W 
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6. a. Zi = 3Q+y4n = 5nZ53.13° 

t . «..i2ovz» L _ 14A 

Z, 5QZ53.13° 



b. 



Vc= (13 Q Z - 90°)(120 V Z60°) _ 1560 V Z - 30° _ ?6ft y 



-/13Q + 77 Q 



6Z-90° 



c. V R = (/1 Z0° = (24 A Z6.87°)(3 Q Z0°) = 72 V Z6.87° 



V a6 + F„ -V c = 0 



V ai = V c - ^ = 260 V Z60° - 72 V Z6.87° 

+- 

= (130 V + /225.167 V) - (71.483 V + y8.612 V) 
= 58.52 V + 7216.56 V = 224.33 V Z74.88 0 



7. a. 



Zi = 10QZ0° 

Z 2 = 80 Q Z90° || 20 Q Z0° 

1600QZ90 0 1600QZ90 0 



2O + 78O 82.462 Z75.964 0 
= 19.403 QZ14.036 0 
Z 3 = 60 Q Z-90° 



'Zjf — Z2) || 

= (10 Q. + 18.824 Q. + y4.706 Q) || 60 Q Z-90° 

1752.36QZ-80.727 0 



= 29.206 D. Z9.273° II 6 D. Z-90° = 



28.824 + /4706- /60 



1752.36 QZ-80.727° 

62.356 Z- 62.468° 
E 40 V Z0° 



Z T 28.103QZ-18.259 0 



28.103 Q Z-18.259° 
= 1.42 A Z18.26° 



b. 



V, = 



Z 2 E _ (19.403 Q Z14.036°)(40 V Z0°) _ 776.12 V Z14.036 0 



z 2 + Z, 



29.206 QZ9.273° 



29.206 Z9.273° 



= 26.57 V Z4.76° 



c. P = £/ cos fl = (40 V)( 1.423 A)cos 18.259° 
= 54.07 W 
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a. Zi = 2 Q +yl n = 2.236 Q Z26.565 0 , Z 2 = 3Q Z0° 



Z 3 = 16 Q + yl5 Q -jl O. = 16 Q +JS Cl = 17.889 Q Z26.565 0 
_ 1 . 1 . 1 1 1 1 

Yr — 



Zt — 



Zj Z 2 Z 3 2.236 QZ26.565 0 3QZ0° 17.889 QZ26.565 0 

= 0.447 S Z-26.565° + 0.333 S Z0° + 0.056 S Z-26.565° 
= (0.4 S -J0.2 S) + (0.333 S) + (0.05 S -yO.025 S) 
= 0.783 S -y0.225 S = 0.82 S Z-16.03 0 
1 1 



0.82 SZ-16.03 0 



- = 1.23 D. Z16.03 0 



Ii 



E 



60 V Z0° 



2.236 QZ26.565 0 



26.83 A Z-26.57° 



E 60 V Z0° 



= 20 A Z0° 



3QZ0° 

60VZ0° 
17.889QZ26.565 0 



3.35 A Z-26.57 0 



E 



60 V Z0° 



1.227 QZ16.032 0 



48.9 A Z-16.03 0 



I s = Ij + 1 2 + 1 3 

? 

48.9 A Z-16.03 0 = 26.83 A Z-26.57° + 20 A Z0° + 3.35 A Z-26.57° 
= (24 A -jl2 A) + (20 A) + (3 A -yl.5 A) 

= 47 A + yl3.5 A = 48.9 A Z-16.03 0 (checks) 



„ G 0.783S . 
Fp= ^ = ^ = °- 955(laggmg) 



CD 



Z' = 3Q Z0° II 4 D. Z-90° 



12QZ-90 0 
3-74 



12QZ-90 0 



= 2.4 D. Z-36.87° 



Z,= 



5Z-53.13 0 
2Z'+ /7 D. 

4.8 Q Z-36.87°+/7Q 
3.84 Q -J2.SS Q +/7 Q 
3.84Q+y4.12Q 
5.63 Q Z47.02 0 
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Z T = Zi + Z 2 1| Z 3 = 8.8 Q + 8.2 Q Z0° || 5.63 Q Z47.02 0 

QO „ 46.18QZ47.02 0 no ^ 46.18 Q Z47.02 0 

= 8.8 Q + = 8.8Q + 

8.2 + 3.84 + y4.12 12.73Z18.89 0 

= 8.8 Q + 3.63 Q Z28.13° = 8.8 Q + 3.20 Q + 7IJI Q 
= 12 Q + 71.71 Q = 12.12 Q Z8.ll 0 

Y r = —=82.51 mS Z-8.ll 0 



b. V! = IZi = (3 A Z30°)(6.8 Q Z0°) = 20.4 V Z30 c 
V 2 = I(Z 2 II Z 3 ) = (3 A Z30°)(3.63 Q Z28.13°) 
= 10.89 V Z58.13° 



^ =1 0.89VZ58. ly = 193Aznlr 
Z, 5.63QZ47.02 0 



10. a. = coL\ = 2n(l0 3 Hz)(0.1 H) = 628 Q 

X Li = coL 2 = 2410 3 Hz)(0.2 H) = 1.256 kQ 

X c = — = ^ = 0.159 kQ 

a>C 2^-(10 3 Hz)(l//F) 

Z T = RZ0° + X h Z90° +X c Z-90° || X Li Z90° 

= 300 Q +7628 Q + 0.159 kQZ-90° || 1.256 kQ Z90° 

= 300Q+7'628Q-7l82Q 

= 300 Q + 7446 Q = 537.51 Q Z56.07 0 

Y r = — = = 1.86 mS Z-56.07 0 

Z T 537.51 QZ56.07 0 



I._30VZ ! _ 
Z r 537.5 1QZ56.07 0 



c. (CDR): i! 



Z i2 I s _ (1.256 kQ Z90°)(93 mA Z - 56.07°) 



Z Li +Z c +71.256kQ-70.159kQ 

1 16.81 mAZ33.93° . . _ , .„ 
= 106.48 mA Z-56.07 0 

1.097 Z90° 

Z C I S _ (0. 159 kQZ-90°)(93mA Z-56.07 0 ) 



Z Li +Z c 1.097 kQZ90° 

14.79mAZ-146.07° =1348mAZ _ m()7O 

1.097 Z90° 
13.48 mA Z123.93 0 
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V! = (I 2 Z6){X U Z90°) = (13.48 mA Z123.92°)(1.256 kD Z90°) 

= 16.93 V Z213.93 0 

\ ah = E - (/, Z0)(7? Z0°) = 50 V Z0° - (93 mA Z-56.07°)(300 Q Z0°) 

+- 

= 50 V - 27.9 V Z-56.07 0 

= 50 V - (15.573 V -723.149 V) 

= 34.43 V + 723.149 V = 41.49 V Z33.92° 

P = I 2 S R = (93 mA) 2 3 00 Q = 2.595 W 



. „ R 300 a 

f. F„= — = = 0.558 (lagging) 

P Z T 537.51 Q 



11. 



Zi = 2 Q -j2 Q = 2.828 Q Z-45° 
Z 2 = 3Q -y'9 D.+j6D. 

= 3 Q -y'3 fi = 4.243 Q Z-45° 
Z 3 = 10QZ0 0 



1 1 



1 



1 



1 



1 



Zj Z 2 Z 3 



2.828 QZ -45° 4.243 QZ-45° 10QZ0 0 

= 0.354 S Z45° + 0.236 S Z45° + 0.1 S Z0° = 0.59 S Z45° + 0.1 S Z0° 
= 0.417 S +70.417 S + 0.1 S 
Y r = 0.517 S +7 0.417 S = 0.66 S Z38.89 0 
1 1 



Zt — 



Y r 0.66SZ38i 



= 1.52 Q Z-38.89° 



E 



50VZ0 0 



Z T 1.52QZ-38.S 



32.89 A Z38.89 0 



12. Z' = 12 Q -720 Q = 23.32 QZ-59.04 0 

X L Z90° || Z' = 20 Q. Z90° || 23.32 Q. Z-59.04 0 = 33.34 Q. Z19.99° 
Z" = R 3 Z0°+X L Z90° ||Z' = 12 Q + 33.34 QZ19.99 0 

= 12 Q + (3 1.33 Q -71 1.40 fi) 
= 43.33 Q -71 1.40 Q = 44.80 Q Z14.74° 
R 2 Z0° || Z" = 20 Q Z0° || 44.80 Q. Z 14.74° = 13.93 Q Z4.54° 
Z T = R l Z0°+R 2 Z0° || Z" =12Q+ 13.93 Z4.54° 

= 12 Q + (13.89 Q+yl.lOfi) 

= 25.89 Q +7I.IO Q = 25.91 Q Z2.43 0 

E 100 V Z0° 



Z r 25.91 QZ2.43° 



3.86 A Z-2.43 0 



200 



CHAPTER 16 



, _ R 2 Z0° l s _ (20 QZ0°)(3.86 AZ-2.43") _ 77.20 AZ-2.43" 
R} R 2 Z0° + Z" 20 D. + 43.33 D. + yll.40Q~ 64.35 Z10.20° 
63.33 Q 

= 1.20AZ-12.63 0 



X L Z90°I fi3 _ (20 n Z90°)(l .20 A Z - 12.63°) _ 24.00 A Z77.37° 



X L Z9Q° + Z' y20Q + 12Q-y20Q 12Z0° 

= 2.00 A Z77.37° 

13. ^ 3 +^4 = 2.7kQ + 4.3kQ = 7kQ 
^' = 3kQ||7kQ = 2.1kQ 

Z' = 2.1 kQ-ylOQ 

(CDR, I-(o f 10ncap.)^ 40k " Z0 °»< 20mAZ0 °» 

40kQ + 2.1kQ-ylOQ 

= 19 mA Z+0.014° as expected since R x » Z' 

,r™>s ¥ _ (3kQZ0°)(19mAZ0.014 o )_57mAZ0.014° 

(CUR) I4 — 

3kQ + 7kQ 10 

= 5.7mAZ0.014° 

P = I 2 R = (5.7 mA) 2 4.3 kQ = 139.71 mW 

14. Z' = X Ci Z - 90° || R l Z0° = 2 D. Z-90° || 1 D. Z0° 

= 2QZ-90° _ 2QZ-90° 
I-72 ~ 2.236 Z- 63.435° 

= 0.894 Q. Z-26.565° 
Z" = X Li Z90° + Z' = +78 Q + 0.894 Q Z-26.565° 

= +78 D. + (0.8 Q -7'4 Q) 

= 0.8Q+ 74 = 4.079 Q. Z78.69° 

l _ X q Z-90°I _(2QZ-90°)(0.5AZ0°)_lAZ-90° 



Xl i X q Z-90° + Z" -7'2Q + (0.8Q + 74Q) 0.8 + 72 

1 A Z-90° 

= = 0.464 A Z -158.99° 

2.154 Z68.199° 

( _ x c 2 z - 9 ° 01 x Cl _ (2 D. Z - 90°)(0.464 A Z - 158.99°) _ 0.928 A Z - 248.99° 
1 X Ci Z-90°+R 1 -72Q + IQ 2.236 Z- 63.435° 

= 0.42 A Z174.45 0 
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i. 

2. a. Z = 2.2 Q + 5.6 Q + JS.2 Q = 7.8 Q + jS.2 Q = 11.32 Q Z46.43° 

I = — = 2 ° VZ20 ° = 1.77AZ-26.43° 

Z 11.32QZ46.43 0 

b. Z = -y5 Q + 2 Q Z0° || 5 D. Z90° = -y5 Q + 1.72 Q + y0.69 Q = 4.64 Q Z-68.24° 

1= — = 60VZ30 ° = 12.93AZ98.24° 

Z 4.64QZ-68.24 0 

3. a. Z = 15 n-yl6n = 21.93 Q Z-46.85° 

E = IZ = (0.5 A Z60°)(21.93 Q. Z-46.85°) 
= 10.97 VZ13.15 0 

b. Z= 10QZ0 0 || 6 Q Z90° = 5.15 Q Z59.04 0 
E = IZ = (2 A Z120°)(5.15 D. Z59.04 0 ) 
= 10.30 V Z179.04 0 

T ju\ 16 V A in _ 3 , 7 

4. a. 1=^— = =4x10 V 

R 4xl0 3 

Z = 4 kQ Z0° 

b. V = (hl)(R) = (50 I)(50 kQ) = 2.5 x 10 6 I 
Z = 50 kQ Z0° 

5. a. Clockwise mesh currents: 



E - IjZi - IiZ 2 + I 2 Z 2 = 0 
— I 2 Z 2 + I1Z2 — I2Z3 — E2 = 0 

[Z 1 + Z 2 ]I 1 -Z 2 I 2 = E 1 
— Z 2 Ii + [Z 2 + Z3]I 2 = — E 2 



Zi = i?i Z0° = 4QZ0° 
Z 2 =XiZ90 o = 6QZ90° 
Z 3 =X C Z-90° = 8Q Z-90° 
Ei = 10 V Z0°, E 2 = 40 V Z60° 



I* =Ii 



Ei 



-E 2 [Z 2 +Z 3 ] 



[Zj+Z 2 ] -z 2 
-z 2 [Z 2 +Z 3 ] 



[Z 2 + Z 3 ]E t - Z 2 E 2 



= 5.15 A Z-24.5° 
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b. By interchanging the right two branches, the general configuration of part (a) will result 
and 



Ison I i 



[Z 2 + Z 3 ]E, - Z 2 E 2 
0.44 A Z143.48 0 



Zi = R x = 50 D. Z0° 
Z 2 =X C Z-90° = 60 Q Z-90° 
Z3=XiZ90 o = 20QZ90° 
Ei = 5 V Z30°, E 2 = 20 V Z0° 



6. a. 



+ 1^ + JL + 

E 1 Ky) E 2V X 7 E 3v\) 



Z] = 12 D. + j\2 D. = 16.971 D. Z45° 

Z 2 = 3Q Z0° 

Z 3 = -y'l Q 

E! = 20VZ50° 

E 2 = 60 V Z70° 

E 3 = 40 V Z0° 



Ii[Z 1 + Z 2 ]-Z 2 I 2 = E 1 -E 2 
I 2 [Z 2 + Z3] — Z 2 I] = E 2 — E3 

(Zi + Z 2 )Ii — Z 2 I 2 = Ei — E 2 
— Z 2 Ii + (Z 2 + Z3)I 2 = E 2 — E3 



Using determinants: 



(E 1 -E 2 )(Z 2 +Z 3 ) + Z 2 (E 2 -E 3 ) 



2.55 A Z132.72 c 



Ii[Zi + Z 2 ] - Z 2 I 2 = Ei 
I 2 [Z 2 + Z3] — Z 2 I] = — E 2 

(Zi "t - Z 2 )Ii — Z 2 I 2 = Ei 
— Z 2 Ii + (Z 2 + Z3)I 2 — — E 2 



Source conversion: 

Ei = IZ = (6 A Z0°)(2 D. Z0°) 

= 12 VZ0° 
Zj = 2 Q. + 20 D. +j20 D. = 22 D. + j20 Q 

= 29.732 Q Z42.274 0 
Z 2 = -yl0Q= lOQZ-90 0 
Z 3 = 10QZ0° 



i =i = E^Z 2+ Z3)-Z 2 E 2 = 0<495 A z?2 J(jC 
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7. a. Clockwise mesh currents: 
Ei - I1Z1 - I1Z2 + I2Z2 = 0 

— I2Z2 "I" \\Zj2 — I2Z3 — I2Z4 = 0 

— I3Z4 + I2Z4 — I3Z5 — E2 = 0 

[Z^ZJl! -z 2 i 2 

-z 2 I ( + [Z 2 + z 3 + z 4 ]i 2 

0 - Z 4 I2 + [z 4 



Zi = 4 Q +y3 Q, Z 2 = -j'l Q 
Z 3 = +/6 Q, Z 4 =!j'2Q 
Z 5 = 8 Q 

Ei = 60 V Z0°, E 2 = 120 V Z120° 

+ 0 =E, 
- Z 4 I 3 = 0 
+ Z 5 ]l 3 = -E 2 



[z 2 z 4 ]Ei + [zi-[zi + z 2 ] [z 2 + z 3 + z 4 ]]e 2 
[Zi + Z 2 ] [Z 2 + Z 3 + Z 4 ] [Z 4 + Zs] - [Zi + z 2 ] z 4 - [z 4 + z 5 ] z 2 
= 13.07 A Z- 33.71° 



b. 



+ 
E 1 



9 Q 



Zi = 15QZ0°, Z 2 =15QZ0° 
Z 3 = -ylOQ= lOQZ-90 0 
Z 4 = 3 n+y"4n = 5 QZ53.13 0 
Ei = 220 V Z0° 
E 2 = 100 VZ90° 



Ii(Zi + Z3) — I 2 Z 3 — I3Z1 — Ei 
l2(Z 2 + Z3) — I1Z3 — I 3 Z 2 = — E 2 
I 3 (Zi + Z 2 + Z 4 ) - I1Z1 - I 2 Z 2 = 0 

Ii(Zi + Z 3 ) - I 2 Z 3 - I 3 Z] = Ei 

-I1Z3 + I 2 (Z 2 + Z 3 ) - I 3 Z 2 = -E 2 

-I1Z1 - I 2 Z 2 + I 3 (Z, + Z 2 + Z 4 ) = 0 



Applying determinants: 



I3 



-( / Z 1 +Z3)(Z 2 )E 2 -Z 1 Z 3 E 2 + E 1 [Z 2 Z3 + Z 1 (Z 2 + Z 3 )] 



(z, + z 3 ) [(z 2 + z 3 )(z, + z 2 + z 4 ) - z 2 ] + z 3 [z 3 (z, + z 2 + z 4 ) - z,z 2 ] - z, [-z 2 z 3 - z,(z 2 + z 3 )] 
48.33 A Z-77.57 0 



or I3 = 



Ei — E2 

if one carefully examines the network! 
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a. 



^ ih ^ 



Ii(Zi + Z 2 + Z 4 ) - I 2 Z 2 - I3Z4 = Ei 
I 2 (Z 2 + Z3 + Z5) — IjZ 2 — I3Z5 = — E 2 
I 3 (Z 4 + Z 5 + Z 6 ) - 1^4 - I 2 Z 5 = 0 



(Z, 



z 4 )i, 

-Z 2 l! 

-Z4I1 



(Z 2 



- Z 2 I 2 
Z 5 )I 2 



Zi = 5QZ0°, Z 2 = 5Q Z90° 
Z 3 = 4Q Z0°, Z 4 = 6Q Z-90° 
Z 5 = 4Q Z0°, Z 6 = 6 Q +78 Q 
Ei = 20 V Z0°, E 2 = 40 V Z60 c 



Z 4 I 3 = 
Z 5 I 3 



Ej 

E 2 



Z 5 I 2 + (Z 4 + Z 5 + Z 6 )I 3 = 0 



Using Z' = Zi + Z 2 + Z 4 , Z" = Z 2 + Z 3 + Z 5 , Z" = Z 4 + Z 5 + Z 6 and determinants: 



E, (Z"Z'" - Z*) - E 2 (Z 2 Z" + Z 4 Z 5 ) 



Z'(Z"Z"' -Z 2 5 )- z 2 (Z 2 Z m + Z 4 Z 5 ) - Z 4 (Z 2 Z 5 + Z 4 Z") 
= 3.04 A ZI 69.12° 



b. 



— pn 



9 Ri ^ 0 



9 



" 2 Zi = 10Q+y20Q 
Z 3 = 80 Q. Z0° 
Z 5 = 15QZ90 0 
Z 7 = 5 Q Z0° 
E! = 25 VZ0° 



Ii(Z 4 + Z(, + Z7) — I 2 Z 4 — I 4 Z6 — Ei 
I 2 (Zi + Z 2 + Z 4 ) - IjZ 4 - I 3 Z 2 = 0 
I 3 (Z 2 + Z 3 + Z5) — I 2 Z 2 — I 4 Z5 = — E 2 
I 4 (Z 5 + Z 6 + Zg) - IiZ 6 - I 3 Z 5 = 0 

(Z 4 + Z 6 + Z 7 )Ii -Z4I2 
-Z 4 Ii + (Zi + Z 2 + Z 4 )I 2 

0 - z 2 1 2 + 

-Z 6 l! + 0 



(Z 2 



+ 0 

-z 2 i 3 

+ Z 5 )I 3 



Z 2 = -y20 Q 
Z 4 = 6 Q Z0° 
Z 6 = 10QZ0° 
Z 8 = 5Q-y'20Q 
E 2 = 75 V Z20° 



— Z 6 I 4 — Ei 
+ 0=0 

— Z5L} = — E 2 



Z 5 I 3 + (Zj + Z 6 + Z 7 )I 4 = 0 



Applying determinants: 

I* = Iron = 0.68 A Z-162.9 0 
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28 V 



© D 6 © 0 



Zi = 5 kQ Z0° 
Z 2 = 10kQZ0° 

Z 3 = 1 kQ + _/4 kQ = 4.123 kQ Z75.96° 



Ii(Zi + Z 2 ) - Z 2 I 2 = -28 V 
I 2 (Z 2 + Z 3 ) - Z 2 l! = 0 

(Zj + Z 2 )l! - Z 2 I 2 = -28 V 
-Z 2 h + (Z 2 + Z 3 )I 2 = 0 



1/ = h 



-Z 2 28V 



= -3.17 x 10 -3 V Z137.29 0 



10. a. 



© © S©[ 



Ii(Zi + Z 2 + Z 3 ) - Z 3 I 2 = -E 
I 2 (Z 3 + Z 4 ) - Z 3 I[ = 0 

(Z, + Z 2 + Z 3 )l! - Z 3 I 2 = -E 
-Z 3 l! + (Z 3 + Z 4 )I 2 = 0 



Source Conversion: 

E = (/Z0)CR P ZO O ) 
= (50 I)(40 kQ Z0°) 
= 2 x 10 6 IZ0° 

Zi = 7?, = tf p = 40 kQ Z0° 

Z 2 = -y0.2 kQ 

Z 3 = 8 kQ Z0° 

Z 4 = 4 kQ Z90° 



h = h 



-Z 3 E 



(Z 1 +Z 2 +Z 3 )(Z 3 +Z 4 )-Z^ 



42.91 I Z149.31 0 



11. 6V X -Ii 1 kQ- 10 VZ0° = 0 

10 VZ0° - I 2 4 kQ - I 2 2 kQ = 0 

V x = I 2 2 kQ 

-i! 1 kQ + I 2 12kQ= 10 VZ0° 
-I 2 6kQ = -10 VZ0° 



1=1 



2kQ 



10VZ0° 
6kQ 



= 1.67 mA Z0° = I 



2kfi 



-h 1 kQ + (1.667 mA Z0°)(12 kQ) = 10 V Z0° 
-i! 1 kQ + 20 V Z0° = 10 V Z0° 
-Ii 1 kQ = -10 VZ0° 
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12. 



13. 



10 vzo° 

Ii = Iikn= — = 10 mA Z0° 

lkn lkQ 



^ £j ^ t 
j J 



Ei = 5 VZ0° 
E 2 = 20 V Z0° 
Zi = 2.2 kQ Z0° 
Z 2 = 5 kQ Z90° 
Z 3 = 10kQZ0° 
I = 4 mA Z0° 



E 1 -I 1 Z,-Z 2 (I 1 -I 2 ) = 0 
-Z 2 (I 2 - 10 + E 2 - I 3 Z 3 = 0 

I 3 - I2 = I 

Substituting, we obtain: 

I 1 (Z 1 + Z 2 )-I 2 Z 2 = E 1 
IiZ 2 — I 2 (Z 2 + Z3) = IZ3 — E 2 

Determinants: 



i! = 1.39 mA Z-126.48°, I 2 = 1.341 mA Z-10.56 0 , 1 3 = 2.693 mA Z-174.S 
Iiokn = 13 = 2.693 mA Z-174.8° 



Zi = 1 kn zo° 

Z 2 = 4 kQ + j6 kQ 
E = 10 V Z0° 



-Zi(I 2 - Ii) + E - I3Z3 = 0 

Ii = 6 mA Z0°, 0. 1 V. = I 3 - I 2 , V s = (h - I 2 )Z, 



Substituting: 



(1 kQ)I 2 + (4 kQ + 76 kfi)I 3 = 16 V Z0° 
(99 Q)I 2 + I 3 = 0.6 V Z0° 



Determinants: 



I3 = hkn = 1-38 mA Z-56.31° 
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Il = I 3 + 1 4 

I = Vi + Vi-V2 



Zi = 4 O Z0° 
Z 2 = 5 O Z90° 
z 3 = 2 a Z-90° 

11 = 3 A Z0° 

1 2 = 5 A Z30° 



Vi 



Zi z 2 
orV 1 [Y 1 + Y 2 ]-V 2 [Y 2 ] = I 1 

I 4 = I 5 + I2 

Vi-V 2 _ V2 

z 2 z 3 

orV 2 [Y 2 + Y 3 ]-V 1 [Y 2 ] = -I 

[Yi + Y 2 ]V, - Y 2 V 2 = i! 
-Y 2 V, + [Y 2 + Y 3 ]V 2 = -I 2 



" 1 


1 " 




" 1 " 






-v 2 




.Zi 


z 2 _ 




_z 2 . 





" 1 1 " 




" 1 " 


v 2 




-Vi 






_z 2 z 3 _ 




_z 2 . 



-I2 



v, 
v 2 



= [Y 2 +Y 3 ]Ii Y2I2 = 14 68 y Z68 89 o 



Y 1 Y 2 +Y 1 Y 3 + Y 2 Y 3 
Y 1 Y 2 +Y 1 Y 3 + Y 2 Y 3 



CP 



Zi = 3Q+y4Q = 5Z53.13° 
Z 2 = 2Q Z0° 
Z 3 = 6 Q Z0° || 8 Q. Z-90° 
= 4.8QZ-36.87° 

11 = 0.6 AZ20° 

1 2 = 4 A Z80° 



0 = Ii + 1 3 + 1 4 + 1 2 

0 = Ii+ V i+ V iZ V2 
Zi z 2 



+12 





1 1 




1 




Vi 


— + — 


-V 2 




— I1-I2 




.Zi Z 2 _ 




.z 2 _ 




or 


Vi[Y, 


+ Y 2 ] 


- V 2 [Y 2 ] = -Ii - I 2 



I 2 + 14 = Is 

Vi-V 2 _ V2 

z 2 z 3 



I 
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or V 2 [Y 2 + Y 3 ]-V 1 [Y 2 ] = I 2 



15. a. 



and [Yi + Y 2 ]Vi - Y 2 V 2 = -i! - I 2 
-Y 2 Vi + [Y 2 + Y 3 ]V 2 = I 2 

Applying determinants: 

-[Y2 + Y 3 ][ll + l2] + Y2l2 



Vi = 

v 2 ^ 



YiY 2 + YiY 3 + Y 2 Y 3 
Y1I2 I1Y2 = 
YiY 2 + YiY 3 + Y 2 Y 3 



= 5.12 V Z-79.36 0 



2.71 V Z39.96 0 




I' 2 X I 



h = h + h 

Ei - Vi _ V t , (V! ~ V 2 ) ^ 

-t- =^> Yj 

Zi Z2 Z 3 
orV 1 [Y 1 + Y 2 + Y 3 ]-Y 3 V 2 = E 1 Y 1 



J- + J- + J- 

Zj\ Zj2 Z3. 



Zi = 5 Q Z0° 
Z 2 = 6 Q Z90° 
Z 3 = 4 Q Z-90° 
Z 4 = 2Q Z0° 
E = 30 VZ50° 
I = 0.04 A Z90° 



V2 = Ei 
Z 3 Zi 



I 3 + I = I 4 

V! - V 2 



+ l = Yl y 2 



1 1 

+ 

Z 3 Zj4 



^=1 



orV 2 [Y 3 + Y 4 ]-V 1 Y 3 = I 

resulting in 

V 1 [Y 1 +Y 2 + Y 3 ]-V 2 Y 3 = E 1 Y 1 
-V 1 [Y 3 ] + V 2 [Y 3 + Y 4 ] = +I 

Using determinants: 

V! = 19.86 V Z43.8 0 and V 2 = 8.94 V Z106.9 0 
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b. 



Zi= 10QZ0 0 
Z 2 = 10QZ0 0 
Z 3 = 4Q Z90° 
Z 4 = 2Q Z0° 
Z 5 = 8 Q Z-90° 
E = 50 VZ120 0 
1 = 0.8 A Z70° 



Ii = I 2 + Is 
E-Vi = Vi 
Z 2 



+ (V1-V2) + V1-V2 



V 



A 



Zi z 2 



Zs. 



-v 2 



J_ 

z 3 



or V![Y, + Y 2 + Y 3 + Y 5 ] - V 2 [Y 3 + Y 5 ] = E,Y, 

I 3 + 1 5 = I 4 + 1 

• + 



1 1 1 

— + — + — 

Z3 Z4 Z5 



v 1 -v 2 + v 1 -V2 = V2 + I ^ V2 

Z3 Z5 Z4 

or V 2 [Y 3 + Y 4 + Y 5 ] - Vi[Y 3 + Y 5 ] = -I 

resulting in 



Vi[Yi + Y 2 + Y 3 + Y 5 ] - V 2 [Y 3 + Y 5 ] = E1Y1 
-Vi[Y 3 + Y 5 ] + V 2 [Y 3 + Y 4 + Y 5 ] = -I 

Applying determinants: 

V! = 19.78 V Z132.48 0 and V 2 = 13.37 V Z98.78° 





" 1 1 " 


-Vi 


— + — 


_z 3 z 5 _ 



I= Vi + Vi-V2 

Zi z 2 

n V 2 -V, V 2 V 2 -E 

0 = — + ^ + ^ 

Z-, Zo Z 4 



Rearranging: 

1 1 



Zi = 2 n zo° 
z 2 = 20 n +7 20 n 

Z 3 = 10QZ-90 0 
z 4 = 10QZ0° 
1 = 6 a zo° 

E = 30 V Z0° 



Zi Z 2 



Z 2 



v 2 =1 



-Vi 



1 



— +— — 

Z2 Z3 Z4 



E_ 

Z 4 



Determinants and substituting: 



V! = 11.74 V Z-4.61°, V 2 = 22.53 V Z-36.48 0 



17. 



V 1 



15Q 



v 2 



15Q 



r 



v 3 

-a 



0 = Ii + I 2 + 1 3 

= V 2 - Vi , 

15Q 10QZ-90 0 
Through manipulation: 



V2 



V2-V3 
15Q 



18. 



(Note that 3 + j4 branch has no effect 
on nodal voltages) 



V 2 [2 +_/l.5]-Vi-V 3 = 0 
but V! = 220 V Z0° and V 3 = 100 V Z90° 
220 + 7IOO 



and V 2 = 



2+J1.5 



= 96.66 VZ-12.43° 



with V, = 0VZ0° 



It 



nodeV,: V^ + VrV3 + Vr^V, =0 

Zi Z3 Z5 

nodeV 2 : V 2 + E 2 - Vi + + V, . Q 

Z5 Z4 Z6 

nodeV,: V3 + + = Q 



Zi = 5 n zo° 

Z 2 = 6Q Z-90° 
Z 3 = 5 n Z90° 
Z 4 = 4Q Z0° 
Z 5 = 4D Z0° 
Z 6 = 6 Q +78 fi 
Ei = 20 V Z0° 
E 2 = 40 V Z60° 



Rearranging: 

f 



\ 



1 1 1 

+ + — 

vZi Z3 Z5 j 



1 1 1 

— + — + — 
Z5 Z4 Tib) 



1 1 1 

— + — + — 

V.Z 2 Z3 Tjaj 



V2 




= E1 + E2 


Z 5 


z 3 


Zi Zs 


Yi 


_ V3 


= _E2 


Z 5 


z 4 


Z 5 




_V2 


= 0 


Z3 


Z 4 



Determinants: Vi = 5.84 V Z29.4°, V 2 = 28.06 V Z-89.15 0 , V 3 = 31.96 V Z-77.6° 
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v 1(£— \h 

+ 



Ei = 25 V Z0° 
E 2 = 75 V Z20° 



Zi= 10Q+y'20Q 
Z 2 = 6Q Z0° 
Z 3 = 5 Q Z0° 
Z 4 = 20 Q Z-90° 
Z 5 = 10QZ0 0 
Z 6 = 80 Q Z0° 
Z 7 = 15QZ90 0 
Z 8 = 5 Q -y"20 Q 



v . Vi-V 2 + Vi-V 4 + Vi-Ei _ Q 
Zi Z2 Z3 

V 2 -Vi^ V 2 -V 4 ^ V2-E2-V3 



V 2 : 
V 3 : 



- + - 

Zl Z4 Z6 

V 3 + E 2 -V 2 , V3-V4 1 V3 _ Q 

Z16 Z7 Z8 

v 4 -Vi^v 4 -v 2 ^ v 4 -v 3 ^v 4 



Z 2 



+ ^ =0 

Zy Zs 



Rearranging: 



<\ 1 P 

+ + — 

vZi Z 2 Z 3 y 

f \ 1 P 

— + — + — 



Zi Z 4 Z6 



v 3 
v 4 



fill 

— + — + — 
VZe Z7 Zgy 



f 1 1 1 O 



V2_ V4 = El_ 

Zi Z 2 Z 3 
Vi_ V 4 _ = E^ 

Zl Z 4 Z6 Z6 

V 2 _ V4 = _Ej_ 

Z6 Z7 Z6 

Vi v 2 v 3 . 



^Z 2 Z 4 Z7 Z5 



Setting up and then using determinants: 



Vi = 14.62 V Z-5.86°, V 2 = 35.03 V Z-37.69 0 
V 3 = 32.4 V Z-73.34°, V 4 = 5.67 V Z23.53 0 
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20. a. 



V 1 [Y 1 + Y 2 ]-Y 2 V 2 = I 1 

V 2 [Y 2 + Y 3 + Y 4 ] - Y 2 Vi - Y4V3 = - 

V 3 [Y 4 + Y 5 ] - Y 4 V 2 = l 2 



Y,= 



Y 3 = 



1 

4QZ0° 
= 0.25 S Z0° 
= 1 

1 a Z90° 

= 1 S Z-90° 

1 



Y 4 = 



5QZ0° 
0.2 S Z0° 
1 



Y 5 = 



4QZ-90 0 
= 0.25 S Z90° 
1 



8 D. Z90° 
= 0.125 SZ-90° 
Ij = 2 AZ30° 
I 2 = 3 AZ150 0 



[Yi + Y 2 ]V, - Y 2 V 2 + 0 = Ii 

-Y2V1 + [Y 2 + Y 3 + Y 4 ]V 2 - Y 4 V 3 = -I 2 
0 -Y 4 V 2 + [Y 4 + Y 5 ]V 3 =I 2 

= Ii[(Y 2 + Y 3 + Y 4 )(Y 4 + Y 5 ) ~ Yj] ~ I 2 [Y 2 Y 5 ] 

[ Yi + Y 2 ] [(Y 2 + Y 3 + Y 4 )(Y 4 + Y 5 ) " Y4] - Y 2 (Y 4 + Y 5 ) = Y^ 
= 5.74 V Z122.76 0 
V2 = I lY2 (Y4 + Y5)-I 2 Y 5 (Y, + Y 2 ) = 4M y zl45-03O 
Ya 

Vj . h[(Y, + Yj(Y 1 + Y 4 )-Yi]-Y ; Y 4 I,^^ 4 y ^ ^ 
Ya 
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b. 



CP 




z^\^ 



w 12 



Vi[Y! + Y 2 + Y 3 ] - Y 2 V 2 - Y 3 V 3 = h 
V 2 [Y 2 + Y 4 + Y 5 ] - Y 2 V! - Y4V3 = 0 
V 3 [Y 3 + Y 4 + Y 6 ] - Y 3 V, - Y 4 V 2 = -I 2 

[Yi + Y 2 + Y 3 ]Vi - Y 2 V 2 - Y 3 V 3 = i! 

-Y2V1 + [Y 2 + Y 4 + Y 5 ]V 2 - Y 4 V 3 = 0 

-Y3V1 - Y 4 V 2 + [Y 3 + Y 4 + Y 6 ]V 3 = -I 2 



Yi = 



Y 2 = 



Y 3 = 



1 

4OZ0° 
0.25 S Z0° 
1_ 

6QZO 0 
0.167 SZ0° 
1 



Y 4 = 



Y s = 



8QZ0° 
0.125 SZ0° 
1 

2QZ-90 0 
0.5 S Z90° 
1 

5 Q Z90° 
= 0.2 S Z-90° 

Y - 1 

6 4 n Z90° 

= 0.25 S Z-90° 

11 = 4 A Z0° 

1 2 = 6 A Z90° 



V, = 



I, [(Y 2 + Y 4 + Y5XY3 + Y 4 + Y 6 ) ~ Y«] ~ I 2 [ Y 2 Y 4 + Y](Y ] + Y 4 + Y i )] 



Y A = (Y, + Y 2 + Y 3 ) [(Y 2 + Y 4 + Y 5 )(Y 3 + Y 4 + Y„) - Y 4 ] - Y 2 [ Y 2 (Y 3 +Y 4 +Y„)+Y 3 Y 4 ] - Y 3 [ Y 2 Y 4 +Y 3 (Y 2 +Y 4 +Y 5 )] 

= 15.13 V Z1.29° 

y = Ii [(Y2XY3 + Y 4 + Y 6 )+Y 3 Y 4 ] +I 2 [ Y 4 (Yi + Y 2 + Y 3 ) - Y 2 Y 3 ] = 1? 24 y Z3 730 

Y A 

_ Ii[(Y 3 )(Y 2 + Y 4 + Y 5 ) + Y 2 Y 4 ] + I 2 [Y 2 - (Yi + Y 2 + Y 3 )(Y 2 + Y 4 + Y 5 )] 



Y A 



= 10.59 V Z-0.11 c 



21. Left node: Vi 

4I X = l x + 5 mA Z0° + Vl ~ V2 

2kQ 

Right node: V 2 

8mAZ0° = -^ + V2 ~ Vl +4I y 
lkQ 2kQ 



Insert \ x = 

4kQ Z-90° 

Rearrange, reduce and 2 equations with 2 unknowns result: 



Vi[1.803 Z123.69°] + V 2 = 10 
V 1 [2.236Z116.57°] + 3 V 2 = 16 
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Determinants: V! = 4.37 V Z-128.66° 

V 2 = Vi kQ = 2.25 V Z17.63 0 



Zi = 1 kD Z0° 
Z 2 = 2 k£l Z90° 
Z 3 = 3 Ml Z-90° 
i! = 12mAZ0° 
I 2 = 4 mA Z0° 
E= 10 VZO° 



22. 



removing E 



CD 




1 + 



o = ii+ — +— +i 2 
Zi z 3 

and + =-ij-i 2 

Zi z 3 
with V 2 - V[ = E 



Substituting and rearranging: 



.Zi Z 3 . 
and solving for 



= I, - I 2 - 



E 



V! = 15.4 V Z 178.2° 
with V 2 = V c = 5.41 V Z 174.87° 



23. Left node: V] 

2 mA Z0° = 12 mA Z0° + J^i_+ Vi~V 2 

2kQ lkQ 

and 1.5 Vi-V 2 = -10 
Right node: V 2 

Si,=Zi 0 

0-2mAZ0° + XlzVl_ V 2 -6V, 

lkQ 3.3kQ 
and 2.7 Vi- 3.7 V 2 = -6.6 

Using determinants: V; = V 2kQ = -10.67 V Z0° = 10.67 V Z180° 

V 2 = -6 V Z0° = 6 V Z180° 
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24. 



<x>* 



Vi: 1= — + 3i! + — 
Zi Z 3 



with Ii 



V1-V2 



and V 2 - Vi = 2V X = 2V! or V 2 = 3V! 
Substituting will result in: 





" 1 + 3 


+ 3Vi 


1 3 " 




Vi 








_Zi z 2 _ 




_Z 3 Z 2 _ 





or 



J 6_ + _3_ 

Zi Z 2 Z3 



= 1 



Zi = 2 kQ Z0° 
Z 2 = 1 kQZ0° 
Z 3 = 1 kQ Z0° 
I = 5 mA Z0° 



and Vi = V, = -2 V Z0° 

with V 2 = -6 V Z0° 



25. 



50 I 



(T)50I 2 



+ 



h= E 1 Z0_ = lxlQ -3 Ei 



Yi = 

Y 2 = 



^Z0° 
1 

50 kQ 
1 



= 0.02 mS Z0° 



= 1 mS Z0° 



lkQ 

Y 3 = 0.02 mS Z0° 
I 2 = (V! - V 2 )Y 2 



V 1 (Y 1 + Y 2 )-Y 2 V 2 = -50I 1 

V 2 (Y 2 + Y 3 ) - Y 2 V! = 50I 2 = 50(Vj - V 2 )Y 2 = 50Y 2 V! - 50Y 2 V 2 

(Yi + Y 2 )Vi - Y 2 V 2 = -50Ii 
-51Y 2 V 1 + (51Y 2 + Y 3 )V 2 = 0 



V, = V 2 = 



-(50)(51)Y 2 I 1 



(Y 1+ Y 2 )(51Y 2 +Y 3 )-51Y 2 2 



= -2451.92 E, 
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26. a. yes 



Zi 

Z 3 



5xio 3 ZO° 



Z_l 

z 4 

8xl0 3 Z0° 



2.5 xio'Z90° 4xlO J Z90° 

2 Z-90° = 2 Z-90° (balanced)/ 



Zi = 5 kQ Z0°, Z 2 = 8 kQ Z0° 
Z 3 = 2.5 kQ Z90°, Z 4 = 4 kQ Z90° 
Z 5 = 5 kQ Z-90°, Z 6 = 1 kQ Z0° 




I 1 [Z 1 +Z 3 + Z 6 ]-Z 1 I 2 -Z 3 l3 = E 
I 2 [Zi + Z 2 + Z 5 ] - Zdi - Z 5 I 3 = 0 
I 3 [Z 3 + Z 4 + Z 5 ] - Z 3 l! - Z 5 I 2 = 0 



[Z, + Z 3 + Zfi]Ii 

Z^! 
Z 3 l! 



Z!l 2 

[Zi + Z 2 + Z 5 ]I 2 

- z 5 i 2 



[Z 3 



— Zi3l3 — E 

- Z 5 I 3 = 0 
+ Z 5 ]I 3 = 0 



j _ e[ Z| (z j + z 4 + z 5 ) + Z 3 Z 5 ] 

I? — 



z 4 = (z, + z 3 + z«)[(z, + z 2 + Z 5 )(Z 3 + z 4 + z 5 ) - z,] - z,[z,(z 3 + z 4 + z 5 ) - z 3 z 5 ] - z 3 [z,z 5 + z 3 (z, + z 2 + Zj)l 
_ E[Z 1 Z 5 +Z 3 (Z 1 +Z 2 +Z 5 )] 

*3 

Za 

_ E[Z,Z 4 -Z 3 Z 2 ] _ £[20xl0 6 Z90°-20xl0 6 Z90°] _ 

I 7 — I? — 1 3 — OA 

5 7 7 

A ^A 
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c. 




V,=- 



Vi[Y! + Y 2 + Y 6 ] - YiV 2 - Y 2 V 3 = I 
V 2 [Yj + Y 3 + Y 5 ] - Y1V1 - Y5V3 = 0 
V 3 [Y 2 + Y 4 + Y 5 ] - Y 2 \ l - Y 5 V 2 = 0 

[Yi + Y 2 + Y 6 ]V] -Y{V 2 Y 2 V 3 = I 

-YiVj + [Y] + Y 3 + Y 5 ]V 2 - Y 5 V 3 = 0 

-Y 2 Vi - Y 5 V 2 + [Y 2 + Y 4 + Y 5 ]V 3 = 0 



I[y,(Y 2 + Y4 + Y5)+Y 2 Y 5 ] 



Y 2 = 



j _ Ej_ _ 10VZ0° 
R s lkQZO° 
= 10mAZO° 

v.- 1 

5kQZ0° 
= 0.2 mS Z0° 
1 

8kQZ0° 
= 0.125 mS Z0° 
1 

2.5kQZ90° 
= 0.4 mS Z-90° 
1 

4kQZ90° 
0.25 mS Z-90° 
1 

5kQZ-90° 
= 0.2 mS Z90° 
1 



Y 6 = 



lkQZO° 
V 2 = 1 mS Z0° 



V 3 = 



Y 4 = (Y, + Y 2 + Y 6 )[(Y, + Y 3 + Y 5 )(Y 2 + Y 4 + Y 5 ) - Y5] " Y,[Y,(Y 2 +Y4+Y5) + Y 2 Y 5 ] - Y 2 [Y,Y 5 +Y 2 (Y,+Y 3 + Y 5 )l 
I[Y 1 Y 5 +Y 2 (Y 1 +Y 3 +Y 5 )] 



Vz 5 -V 2 -V 3 = 
= 0 V 



ifYjy, - Y 4 Y 3 ] l[0.05 x 10~ 3 Z - 90° - 0.05 x 10~ 3 Z - 90°] 



Ya 



Ya 



Z 3 Z 4 
4 x 10 3 Z0° 4xi0 3 Z0° 
4 x 10 3 Z90° = 4xio 3 Z-90° 

1 Z-90° * 1 Z90° (not balanced) 

b. The solution to 26(b) resulted in 

_ E(Z 1 Z 5 +Z 3 (Z 1 +Z 2 +Z 5 ) 

13 ~ j 

where Z A = (Z, + Z 3 + Z 6 )[(Z! + Z 2 + Z 5 )(Z 3 + Z 4 + Z 5 ) - Z 5 2 ] 

- Zi[Zi(Z3 + Z 4 + Z 5 ) - Z 3 Z 5 ] - Z 3 [Z!Z 5 + Z 3 (Z, + Z 2 + Zj)] 
and Zi = 5 kQ Z0°, Z 2 = 8 kQ Z0°, Z 3 = 2.5 kQ Z90° 

Z 4 = 4 kQ Z90°, Z 5 = 5 kQ Z-90°, Z 6 = 1 kQ Z0° 
and \ Xc = 1.76 mA Z-71.54 0 
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The solution to 26(c) resulted in 

_ I[Y 1 Y 5 +Y 2 (Y 1 +Y 3 +Y 5 )] 



v 3 = V Xr 



Y A 



where Y A = (Y, + Y 2 + Y 6 )[(Y! + Y 3 + Y 5 )(Y 2 + Y 4 + Y 5 ) - Y 5 2 ] 

- Y, [Yj(Y 2 + Y 4 + Y 5 ) + Y 2 Y 5 ] 
-Y 2 [Y 1 Y 5 + Y 2 (Y 1 + Y 3 + Y 5 )] 

with Yi = 0.2 mS Z0°, Y 2 = 0. 125 mS Z0°, Y 3 = 0.4 mS Z-90° 

Y 4 = 0.25 mS Z-90°, Y 5 = 0.2 mS Z90° 

Source conversion: Y 6 = 1 mS Z0°, I = 10 mA Z0° 

and V 3 = 7.03 V Z-18.46° 



28. Z1Z4 — 1i~{Zj2 



(Ri -jXc)(R r + iX, ) = R 3 R 2 X c = — = — = = 1 

J c)\ x j Lx ) C coC (10 3 rad/s)(l//F) 

(1 kQ -j\ kQ)(R x + jX L ^ ) = (0.1 kQ)(0.1 kQ) = 10 kQ 

10xl0 3 Q lOxlO 3 c „ . Bn 

and R x + jX, = - = = 5 Q +j5 Q 

x lxlO 3 -y'lxlO 3 1.414xl0 3 Z-45° 

X j 5 q 

.-. R x = 5Cl,L x = — ^ = ^ =5mH 

ft> 10 rad/s 



Ll coC (1000rad/s)(3//F) 3 

Zi = tfi || X C] Z-90° = (2 kQ Z0°) || 2 1 kQ Z-90° = 328.8 D. Z-80.54 0 

Z 2 = R 2 Z0° = 0.5 kQ Z0°, Z 3 = R 3 Z0° = 4 kQ Z0° 
1 A = R X + jX L = 1 kQ + j6 kQ 

Zi = Z2 

z 3 z 4 

328.8 Q Z-80.54 0 0.5kQZ0° 
4 kQ Z0° = 6.083 QZ80.54 0 
82.2 Z-80.54 0 ✓ 82.2 Z-80.54 0 (balanced) 



30. Apply Eq. 17.6. 
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31. For balance: 

R 1 (R x +jX L ) = R 2 (R 3 +jX L3 ) 

RyR x +jR,X L = R 2 R 3 +jR 2 X L} 

R n R-, 



R X R X = R 2 R 3 and 7? 



R 



R X X L =R 2 X L] and R l a>L x = R 2 ®L 3 



so that L r 



32. 



a. 



T 



Zi = 8 Q Z-90° = -j% D. 
Z 2 = 4 Q. Z90° = +j4 Q. 
Z 3 = 8 Q. Z90° = +jS D. 
Z 4 = 6Q Z-90° = -j6 Q 
Z 5 = 5D Z0° 



ZiZ 2 



Z 7 = 



z 8 = 



Zi + z 2 + z 5 

Z1Z5 
Zi + z 2 + z 5 

Z2Z5 



5QZ38.66° 



= 6.25 nZ-5 1.34° 



■ = 3.125 QZ128.66° 

Zi + z 2 + z 5 

Z' = Z 7 + Z 3 = 3.9 Q + y3.12 Q = 4.99 Q Z38.66° 
Z" = Z 8 + Z 4 = -1.95 Q -j'3.56 Q = 4.06 Q Z-l 18.71° 
Z' || Z" = 10.13 Q Z-67.33°= 3.90 Q -j'9.35 Q 
Z r = Z 6 + Z' II Z" = 7.80 Q -y'6.23 Q = 9.98 Q Z-38.61° 



I 



E 



120VZ0 0 



9.98QZ-38.61° 



= 12.02 A Z38.61° 
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Z r = 2 Q + 4 Q +y"3 Q + [4 Q -0Q + j/Q] || [4 Q. -JZ Q Q] 
= 6Q -j3 Q + 2Q. 
= 8Q -fl Q. = 8.544 Q. Z-20.56 0 
E 60 V Z0° 



I = 



8.544 Q Z-20.56 0 



= 7.02 A Z20.56 0 



33. a. 



Z A = 3Z Y = 3(3 Q Z90°) = 9C Z90° 
Z = 9QZ90° || (12Q-jl6Q) 
= 9QZ90°||20QZ53.13° 
= 12.96 QZ67.13 0 



Zr=Z|| 2Z 



E 



2Z 2 2 

= -Z = - [12.96 Q Z67.13°] = 8.64 Q Z67.13° 

Z + 2Z 3 3 



100VZ0 0 



Z r 8.64QZ67.13 0 



11.57AZ-67.13 0 



Z A = 3Z Y = 3(5 Q) = 15Q 



Zj^lSQZO^ISQZ^O 0 

= 4.74 QZ-7 1.57° 
Z 2 = 15 QZO° || 6QZ90 0 

= 5.57 Q Z68.2° = 2.07 Q. + y'5.17 Q 
Z 3 = Z l = 4.74 QZ-7 1.57° 

= 1.5 Q-y'4.5 Q 



Z r = Zi|| (Z 2 + Z 3 ) = (4.74 Q Z-71.57°) || (2.07 Q + j5.17 0+1.50 -y'4.5 Q) 
= (4.74 Q. Z-7.57°) || (3.63 Q. Z10.63 0 ) 
= 2.71 QZ-23.87° 
E 100VZ0 0 



1 = 



2.71QZ-23.87 0 



= 36.9 A Z23.87° 



CHAPTER 17 



221 



Chapter 18 



1. a. 




I 1 ' 



Zj = 3 D. Z0°, Z 2 = 8 Q. Z90°, Z 3 = 6 Q. Z-90° 
Z 2 1| Z 3 = 8 D. Z90° || 6 Q Z-90° = 24 Q Z-90° 



Ei 



30VZ30 0 



Z1 + Z2IIZ3 3Q-y24Q 



= 1.24 A Zl 12.875° 



Z 3 I _(6QZ-90°)(1.24AZ112.875°) 



Z 2 +Z 3 



2 Q Z90° 



3.72 AZ-67.125° 




Zi|| Z 2 = 3 Q Z0° || 8 D. Z90° = 2.809 D. Z20.556 0 
E 2 6OVZIO 0 



I 



Z 3 + Zi II Z 2 -76 ^ + 2.630 Q + y0.986 Q 
10.597 A Z72.322° 



Z,I 



Zj +z 2 



(3 Q Z0°)(10.597 A Z72.322") _ 
3 Q + 78 Q 



3.721 AZ2.878 0 



I A = I' + I" = 3.72 A Z-67.125° + 3.721 A Z2.878° 

= 1.446 A -y'3.427 A + 3.716 A + yO.187 A 
= 5.162 A -y'3.24 A 
= 6.09 A Z-32.12 0 







I 


I" 




0 












2 


1 






0 




I 





Zi = 8 Q Z90°, Z 2 = 5 O Z-90° 
1 = 0.3 AZ6O 0 , E = 10VZ0° 

Z 2 I _(5QZ-90°)(0.3AZ60°) 



I 



Z2 + Z1 +y8Q-y5Q 
= 0.5A Z-120° 

E 10VZ0° 



Zi + Z 2 3QZ90 0 



3.33 AZ-90 C 



= 0.5 A Z-120° + 3.33 A Z-90° 
= -0.25 A -yO.433 A -73.33 A 
= -0.25 A -y'3.763 A 
= 3.77 A Z-93.8° 
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2. a. E, 




E! = 20VZ0°, Zi = 4 Q + /3 Q = 5 QZ36.87 0 
Z 2 = 1Q Z0° 
E; 20VZ0° 
Zj + Z 2 4 Q + y"3 Q + 1 Q 
= 3.43 A Z-30.96 0 



(£)E 2 



120 VZ0° 



Z,+Z 2 5.83QZ30.96 0 

= 20.58 A Z-30.96 0 



Z 2 I 



(1QZ0°)(0.5AZ60°) 



■Zj 5.83QZ30.96 0 
= 0.0858 A Z29.04 0 



tli = I' - 1" - I" 

= (3.43 A Z-30.96 0 ) - (20.58 A Z-30.96 0 ) - (0.0858 A Z29.04 0 ) 
= 17.20 A Z149.30 0 or 17.20 A Z-30.70°4 



b. E: 



Zi = 3 Q Z90°, Z 2 = 7 Q Z-90° 
E = 10 VZ90° 

z 3 = 6 n z-90°, z 4 = 4 n zo° 

Z' = Zi|| (Z3 + Z4) 

= 3 QZ90° II (4Q-y6 Q) 

= 3 QZ90° || 7.21 QZ-56.31° 

= 4.33QZ70.56° 

Z' + Z 2 

= (4.33QZ70.56 o )(10VZ90°) 
(1.44 Q + /4.08 Q)-y7Q 
43.3VZ160.56 0 



r 



3.26Z-63.75 0 
Vi = 13.28 V Z224.31" 
~Zx 3QZ90 0 
= 4.43 AZ134.31 0 



= 13.28 VZ224.31 0 
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I: 



CDR: 



= -76 Q + 3D Z90° || 7 Q Z-90° 

= -76 Q + 5.25 Q. Z90° 

= -j6 D. + y'5.25 D. 

= -yO.75 Q. = 0.75 QZ-90° 



Z 4 I _ (4QZ0°)(0.6AZ120°) _ 2.4AZ120 0 



z 4 + z" 



4Q-y0.75Q 



4.07 Z- 10.62° 



0.59 AZ130.62 0 



ZJ 



2*3 



(7QZ-90°)(0.59AZ130.62°) _ 4.13AZ40.62 0 



Z 2 +Z, 



-y'7 Q + y'3 D. 



4Z-90° 



= 1.03 AZ130.62 0 



I L = F - I" (direction ofT) 
= 4.43 AZ134.31°- 1.03 AZ130.62 0 

= (-3.09 A + y'3.17 A) - (-0.67 A + y0.78 A) = -2.42 A + y2.39 A 
= 3.40 A Z135.36 0 



DC: 



AC: 



+ 

E 2 1 =-4 V 



4 V 

4c- —0.5 A 



Z 2 = R 2 +jX L = 8 Q + j4 Q 
= 8.944 Q. Z26.565 0 
E, _ 10VZ0° 



8.944 QZ26.565° 



= 1.118 AZ-26.565° 



I = 0.5A+1.118AZ-26.57° 
i = 0.5 A + 1.58 sin(o>* - 26.57°) 
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DC: "i R 2 

i — Wv 1 — Wv — i 

6£) i 3Q I + 



+ 

12 V^- 



T 1 I 



V c = 12 V 



AC: 



6fl 



3i2 



1 Q V r 



(6QZ0°)(I) 
6 Q + 3 Q - j\ Q 
(6 Q Z0°)(4 A Z0°) 
9Q-y'lQ 

24AZ0° 



9.055Z-6.34 0 
= 2.65 AZ6.34° 
V c = I C X C = (2.65 A Z6.34°)(l Q Z-90°) = 2.65 V Z-83.66° 

= 12 V + 2.65 V Z-83.66° 
v c = 12 V + 3.75 sin(orf - 83.66°) 



(t) 



i 1 ' 



L 



J 



E = 20 V Z0° 
Zi = 10kQZ0° 
Z 2 = 5 kQ -y"5 kQ 

= 7.071 kQZ-45° 
Z 3 = 5 kQ Z90° 
I = 5 mA Z0° 



Z' = Zi || Z 2 = 10 kQ Z0° || 7.071 kQ Z-45° = 4.472 kQ Z-26.57° 



(CDR) 



r 



Z'l _ (4.472 kQ Z - 26.57°)(5 mA Z0°) _ 22.36 mA Z - 26.57° 



Z' + Z 3 4kQ-y2kQ + y5kQ 

= 4.472 mAZ-63. 44° 



5Z36.87° 



E = 20V^0° 
+ 



-0" 



I 1 " 



1 1 1 



Z" = Z 2 || z 3 

= 7.071 kQ Z-45° || 5 kQ Z90° 
= 7.071 kQZ45° 
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(VDR) 



Jl= Z"E _ (7.071kQZ45 o )(20VZ0°) _ 141.42 VZ45° 
Z"+Zi (5kQ + y5kQ) + (10kQ) 15.81^18.435° 
= 8.945 V Z26.565 0 



I" 



V 8.945 VZ26.565 0 



1.789 mA Z-63.435° = 0.8 mA -yl.6 mA 



Z 3 5kQZ90° 
I = F + I" = (2 mA -j4 mA) + (0.8 mA -yl.6 mA) = 2.8 mA -y'5.6 mA 

= 6.26 mA Z-63.43° 



hi 



Zi = 20 kQ Z0° 
Z 2 = 10kQZ90° 
I = 2 mA Z0° 
E = 10 VZ0° 



r = Z^hl) = (20kQZ0°)(100)(2mAZ0°) = Q 1?9 A Z _ 26 5T 



+z 2 



20kQ + ylOkQ 



jQrnli" 



E 



10VZ0° 



Z,+Z 2 



22.36 kQZ26.57° 

= 0.447 mA Z-26.57° 
I L = F - 1" (direction of I') 
= 179 mA Z-26.57° - 0.447 mA Z-26.57° 
= 178.55 mA Z-26.57° 




Zi = 5 kQ Z0°, Z 2 = 1 kO Z-90° 

Z 3 = 4 kQ Z0° 

V = 2 V Z0°, // = 20 



y, = -Z 3 (MV) = -(4kQZ0°)(20)(2VZ0°) = _ 1? 6? v Z6 34 o 
Zi + Z 2 + Z 3 5 kQ - y'l kQ + 4 kQ 



CD 



CDR: I' 



z,i 



Z 3 



_ (5 kO Z0°)(2 mA Z0°) 

9.056 kOZ- 6.34° 
= 1.104 mAZ6.34° 



V"i = -I'Z 3 = -(1.104 mA Z6.34°)(4 kQ Z0°) = -4.416 V Z6.34° 

Vi = V'i + \" L = -17.67 V Z6.34° - 4.416 V Z6.34° = -22.09 V Z6.34° 
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»4> 



Zi = 20 kQ Z0° 
Z 2 = 5 kQ + y5 kQ 



Zj(AI) _ (20kQZ0 o )(100)(lmAZ0°) 



Zj +z 2 



20kQ + 5kQ + y"5kQ 



= 78.45 mAZ-1 1.31° 



I 



„_ //V (20)(10VZ0°) 



Zj+Z 2 25.495 kfiZl 1.31° 
= 7.845 mAZ-1 1.31° 



h = I' - I" (direction ofl') 
= 78.45 mA Z-11.31° - 7.845 mA Z-l 1.31° 
= 70.61 mA Z-11.31° 



9. 



I 



I, 



+ 

E (r^) 



hl< 




V, 



Zi = 2 kQ Z0°, Z 2 = 2 kQ Z0° 

V z = -I X Z 2 

Ii = AI + I = (A + 1)1 

Vi = -(/* + l)IZ 2 

and by KVL: V L = IZj + E 

V -E 

so that I = — L - 



Vi = -{h + 1)IZ 2 = -{h + 1) 
Subt. for Z b Z 2 



V £ -E 



Vi = -(A+l)(V £ -E) 
Vi(2 + A) = E(h + 1) 



-E : 

(h + 2) 52 



(20 V Z53°) = 19.62 V Z53° 



10. I, 



+ 20 V . 



+ 
V 



I 



KVL: V! - 20 V - V = 0 
Vi = 21 V 



z, 



h = 1 mA Z0° 
Zi = 2 kQ Z0° 
Z 2 = 5 kQ Z0° 



21 



CHAPTER 18 



227 



V = I 5 Z 2 =[I 1 -I']Z 2 



21 



i' = hz 2 - rz 2 



21 



and I' = 



I,Z 2 



[Ii] = 



21 



f5knZ0 o )(lmAZ0°) 



( 2kQZ0° 
I 21 



= 0.981 mAZO° 



-5kQZ0° 



rr 



+ 20 V 



V! = 20V + V = 21 V 



z 



V, 21V 



1 fir 



1 ^1 



^ V = ^1 
21 



Z, 21 Z, 



11. E, 



I" = I 2 -I 5 = I 2 



1 r 



21Z, 



I" 



, + - z ' 



21 Z, 



I" = 



= I 2 

2mAZ0° 



i + z - 



21 Z, 



1 + 



2kQ 
21(5kQ) 



= 1.963 mAZO° 



I = I' + I" = 0.981 mA Z0° + 1.963 mA Z0° 
= 2.94 mA Z0° 



:ioq 



+ 

10 VZO' 



: A0 

1» 'V 




10 V Z0° - I 10 Q - I 2 Q - 4 V x 

withv x = i ion 



Solving for I: 
I= 10J 

5: 

V; = 10 VZ0°-I(10n)= iov-(i92.3i mAzo°)(ionzo°) = 8.08 vzo° 



10 vzo° 

1= = 192.31 mAZ0° 

52 n 
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5 A AT 




+ T+ ^^5AZD°V. 



5 AZO° + ^ + =0 
10Q 2Q 

5 A + 0.1 V x + 2.5 V^O 

2.6 V, = -5 A 

V x = -—V =-1.923 V 
2.6 

V; = -V, = -(-1.923 V) = 1.923 V Z0° 

V s = V' + V" = 8.08 V Z0° + 1 .923 V Z0° = 10 V Z0° 



12. a. 



->Th- 




Zi = 3 Q Z0°, Z 2 = 4Q Z90° 
E= 100 VZ0° 

Z ra = Zi || Z 2 = (3 Q Z0° || 4 Q Z90°) 
= 2.4 Q Z36.87° = 1.92 Q + yl.44 Q 



E 



Z 2 E _ (4QZ90°)(100VZ0°) 



Z 2 +Zj 



5QZ53.13 0 



80 V Z36.87° 



*2 

3E 



-Th 




Zti, — Z3 + Zi || Z2 

= +76 kQ + (2 kQ Z0° || 3 kQ Z-90°) 
= +76 kQ + 1.664 kQ Z-33.69° 
= +76 kQ + 1.385 kQ -y0.923 kQ 
= 1.385 kQ +y"5.077 kn 
= 5.26 kQ Z74.74° 



E 



ra 



Z 2 E _ (3 kQ Z - 90°)(20 V Z0°) 
2 kQ - 73 kQ 

= 16.64 V Z-33.69° 



Z 2 +Z 1 



60VZ-90 0 

3.606Z-56.3T 
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13. a. From #27. Z Th = Z 1 \\Z 2 

Z n = Z N = 21.31 fiZ32.2° 



CP 



1 1 1 

z' 



-7/7 



Era — IZ' — IZj/, 

= (0.1 AZ0°)(21.31 QZ32.12°) 
= 2.13 V Z32.2° 



From #27. Z ra = Z N = 6.81 fi Z-54.23° = 3.98 fi -7*5.53 n 



8 



Th 



Z x = 2 Q Z0°, Z 3 = 8 Q Z-90° 
Z 2 = 4D Z90°, Z 4 = 10QZ0 0 
E = 50 V Z0° 
Era = V 2 + V 4 



V 2 = 



Z 2 E 



z 2 +Z, || (Z 3 +Z 4 ) 

(4 Q Z90°)(50 V Z0°) 
+y4Q + 2QZ0 o ||(10Q-y8Q) 
■ 47.248 V Z24.7° 



14. 



V! = E - V 2 = 50 V Z0° - 47.248 V Z24.7° = 20.972 V Z-70.285 0 
(10 D. Z0°)(20.972 V Z - 70.285°) 



z 4 + z 3 



10Q-78Q 

Era = V 2 + V 4 = 47.248 V Z24.7° + 16.377 V Z-31.625° 
= (42.925 V + y-19.743 V) + (13.945 V -y'8.587 V) 
= 56.870 V +7I 1.156 V = 57.95 V Z11.10° 



= 16.377 VZ-31.625° 



j ra- 



1 1 

1 I 



Zi = 10QZ0°, Z 2 = 8QZ90° 
Z 3 = 8Q Z-90° 



Zra — Z3 + Zi || Z 2 

= -78 + 10 Q Z0°Z || 8 Q Z90° 
= -78 Q + 6.247 QZ5 1.34° 
= -78 Q + 3.902 Q + 74.878 Q. 
= 3.902 Q -73.I22 Q 
= 5.00 Z-38.66° 
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E Th : Superposition: 



(Ei) 



b. 



(I) 




E' 



Th - 



(8QZ90 o )(120VZ0°) 
10 Q. + jS Q 
960VZ90 0 



12.806 Z38.66° 
= 74.965 V Z51.34° 



E" Th =\ Z2 +y Z} 

= IZ 3 + I(Z! || Z 2 ) 
= I(Z 3 + Z 1 ||Z 2 ) 

= (0.5 A Z60°)(-y8 Q + 10 Q Z0° || 8 Q Z90°) 
= (0.5 A Z60°)(-y8 Q + 3.902 Q + y'4.878 Q) 
= (0.5 A Z60°)(3.902 Q -y'3.122 O) 
= (0.5 A Z60°)(4.997 Q. Z-38.663°) 
= 2.499 VZ21.337 0 

Era = E'ra + E'Va 

= 74.965 V Z51.34° + 2.449 V Z21.337 0 

= (46.83 V + j58.538 V) + (2.328 V + jO.909 V) 

= 49. 158 V + y'59.447 V = 77.14 V Z50.41 0 



I I 

Z. 

I I 



E 



Th- 



+ 6 ~ V 7 + I + 



Z Th = Z = 10 Q -ylO Q = 14.14 Q Z-45° 



Em - E — Vz 

= 20 V Z40° - IZ 

= 20 V Z40° - (0.6 A Z90°)(14.14Q Z-45°) 

= 20 V Z40° - 8.484 V Z45° 

= (15.321 V + y-12.856 V) - (6 V + j6 V) 

= 9.321 V+y6.856V 

= 11.57 V Z36.34° 
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0 

— — i 



Z, = 6 Q -y2 Q = 6.325 Q Z-l 8.435° 

Z 2 = 4Q Z90° 

Z ra = Z 2 = 4 Q Z90° 



v Z2 =ov 

E77, 



By inspection: 

En = E2 + Ei 

= 4V + 10VZ0° 
DC AC 



E,-=- 



4C2 



I' 



1 = -?-+- 



E, 



7? 2 +yX L 
4V + 10VZ0° 



8 Q 8 Q + y'4 Q 
= 0.5A + 10VZ0 ° 



8.944 QZ26.565° 
= 0.5 A+ 1.118 AZ-26.565° 
(dc) (ac) 
i = 0.5 + 1.58 sin(arf - 26.57°) 



16. a. Z™: 



6Q 



R 2 



"I VVV 1 

3fl J 



<^Z r/l = Z Ri +Z Ri = 6n + 3Q=9fi 



DC: 



-AAAr 



<2 

i — VA 1 

[ 3n i + 



6Q 



E -=-12V 



AC: 



3fl 



CP 



E'n = 12 V 



<-E" ra = IZ fii = (4 A Z 0°)(6 Q Z0°) = 24 V Z 0° 



En = 12 V + 24 VZ0° 
(DC) (AC) 
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b. 



•77)- 



R Th 

^Nv- 

9fl 



-=-12 V 




E f'v) 24 VZO° 



1 n v c 



d c = 12 V+2.65 VZ-83.66° 
= 12 V + 3.75 sin(ort - 83.66°) 



DC: V C =12V 



AC: V c = c 



(1QZ-90°)(24VZ0°) 
-yl Q + 9 Q 
24VZ-90 0 



9.055 Z- 6.34° 
V c =2.65 VZ-83.66° 



17. a. 



-7/7 



Zi= 10kQZ0° 
Z 2 =5kQ-y5kQ 
= 7.071 kQZ-45° 



Z Th = Zi || Z 2 = (10 kQ Z0°) || (7.071 kQ Z-45°) = 4.47 kQ Z-26.57° 

Source conversion: 

Ei = (7Z9)(i?iZ0°) = (5 mA Z0°)(10 kQ Z0°) = 50 V Z0° 



E 1 = 50VZ0°K\/J 



20 VZ0° 



E 



Z 2 (E+E t ) 
Z 2 +Zj 



(7.07 1 k Q Z - 45°)(20 V Z0° + 50 V Z0°) 

(5kQ-y5kQ) + (10kQ) 
(7.071 kQ Z - 45°)(70 V Z0°) 

(15kQ-y5kQ) 
494.97 VZ-45° 



15.811Z-18.435 0 
= 31.31 V Z-26.57° 



1 = 



E 



77; 



31.31VZ-26.565 0 



Z ra +Z L 4.472 kQZ- 26.565° + 5 kQZ90° 
31.31VZ-26.565° 31.31 VZ-26.565° 



4kQ-y2kQ + y"5kQ 
31.31VZ-26.565° 



5kQZ36.87° 



4kQ + y"3kQ 
= 6.26 mA Z63.44° 
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18. 



-7/7 



Zi = lOkQZ 0° 
Z 2 = lOkQZ 0° 
Z 3 = 1 kQ Z -90° 



Z ra = Z 3 + Zi || Z 2 = 5 kQ -yl kQ = 5.1 kQ Z-11.31° 

= 10 V 



E„,:(VDR) E . n= Z 2 (20V) = (10kOZ0»X20V) 



Z 2 +Z! 10 kQ + 10kQ 



19. Z rA : 

r 



-7ft 



Z! = 40 kQ Z0° 
,Z 2 =0.2kQZ-90° 
Z, = 5 kQ zo° 



Z ra = Z 3 || (Zi + Z 2 ) = 5 kQ Z0° || (40 kQ -j0.2 kQ) = 4.44 kQ Z-0.03 0 

• 

r = 



100 i(T) 



Z^IOOI) 



-7ft 



20. Z 



(40kQZ0°)(1001) 
45 kQZ- 0.255° 
88.89 IZ0.255 0 



E Th = -I'Z 3 = -(88.89 I Z0.255°)(5 kQ Z0°) = -444.45 x 10 J I Z0.26 0 
— • — • — 1 



Th- 



-1 



! X T " 



«- Z Th = Zi = 20 kQ Z0° 



E 



77i- 



—I. 



■7ft 



E' n = -(M)(ZO 

= -(100)(2 mA Z 0°)(20 kQ Z 0°) 
= -4 kV Z0° 
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E: 



i — 3E 



T 



E^=E = 10VZ0° 



21. Z 



Th- 



Z^kQZO 0 



Era — E th + E"a 

= -4kVZ0° + 10 VZ0° 
= -3990 V Z0° 



Z 2 = -yl 



•^Z ra = Zi + Z 2 = 5 kQ -yl kQ 
= 5.10 kQ Z-11.31° 



E™: 













z 2 




E 



= -[>v+v A ] 

■ -^V-IZj 

: -(20X2 V Z0°) -(2 mA Z0°)(5 kQ Z0°) 
-50 V Z0° 



22. Z 



Th- 



E 



r/j- 



-• — •- 



t — S 



HV + 



/7l| 



Z, = 20 kQ Z 0° 



-o Z 2 = 5 kQ Z 0° 

<-X Th = Zi + Z 2 = 25 kQ Z 0° 



Ets = ^V-(«XZi) 

= (20X10 V Z 0°) - (100X1 mA Z0°)(20 kQ Z 0°) 
= -1800VZ0° 
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23. E Th : (E oc ) 





E„ 



(ft + 1)1 

20VZ53 0 



M = -I Zi = 2 kQ Z0° 

.-.1 = 0 
and M = 0 

with E oc = E ra = E = 20 V Z53° 



I sc = -(A+ 1)1 

= -(A + l)(10mAZ53°) 
= -510mAZ53° 



I -510mAZ53° 



-39.22 Q Z0° 



24. E 



E. 



+ 20 V 



E' oc =21 V Z! = 5kQZ0° 

V = IjZi = (1 mA Z0°)(5 kQ Z0°) 

= 5 V Z0° 
E' oc = E' rA = 21(5VZ0 o ) 
= 105 VZ0° 



[ IT 

E 

t — =L 



+ 20 V 



E" V 




V = I 2 Zj 

= (2 mA Z0°)(5 kQ Z0°) 
= 10 VZ0° 
E'' = E'V = V + 20 V = 21 V = 210 V Z0° 



+ 20 V - 

r * 



+ 20 V 



Use V 




20 V = V .-. V = 0 V 
and I' = 0 A 

•'• I"sc = 12 



I sc = r, c + I" sc = 3mAZ0 o 
E oc = E' oc + E" oc = 3 15 V Z0° = E 
Eoc _ 315 VZ0° 



■>Th ' 



3mAZ0° 



Th 

105 kQ Z0° 
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25. E oc : 
(En) 



I 



x 8 VZO° 

-^—f^j- 
1 kQ v — 

[2 kQ 



-o a 



.3 kQ 
— oa' 



5 I x I x ■=■ 



KVL: -6 I x (2 kQ) - I x (l kQ) + 8 V Z0° - 1^3.3 kQ) = 0 

8VZ0° 



0.491 mAZ0° 



16.3kQ 

E oc = E ra = I*(3.3 kQ) = 1.62 V Z0° 



l sc 8VZ0° I 

> - s — v+ 



-I x = 0 A 

\(shorted out) 



5I V 



= 0A 

(since) 

I x =0A 



•2 kQ 
I, 



.3 k£ 



6a' 



Z77, : 



8V 



= 2.667 mA Z0° 
1.62 VZ0° 



3kQ 
E 

- PC _ 

I„ 2.667 mAZ0° 



607.42 Q Z0° 



x 7/7 



-o a 



607.42 Q 



E ra('v) 1-62 VZ0° 



-o a' 



26. a. From Problem 12(a): Z N = Z n = 1.92 Q + 7 1.44 Q = 2.4 Q Z36.87 0 
In: 



1=0 



Zi = 3 Q Z0°, Z 2 = 4 Q Z90° 
j =I = E _ 100VZ0° 
sc N Z, 3QZ0° 
= 33.33 A Z0° 
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From Problem 12(b): Z N = Z Th = 5.263 kQ Z74.74° = 1.39 kD + y5.08 kQ. 
In- 



E ( r ^) T 





z 1 






1 >- 






z 3 



Zi = 2 kQ Z0°, Z 2 = 3 kQ Z-90° 
Z 3 = 6 kQZ90° 

Zj 1 — Zii + Zi2 || Z3 

= 2 kQ + 3 kQ Z-90° || 6 kQ Z90° 

= 2 kQ + 6 kQ Z-90° 

= 2 kQ -76 kQ 

= 6.325 knz-71.565° 



h = 



E 



20 V Z0° 



Z r 6.325 kQZ- 71.565° 

= 3.162 mAZ71.565° 

Z 2 I S _ (3 kQ Z-90°)(3. 162mA Z7 1.565°) 



he - In = 



Z 2 +Z 3 



9.486 mAZ-18.435° 
3Z90° 



-j3 kQ. + 76 kQ 
3.16 mA Z-108.44 0 



Zi = 20 Q + j20 Q. = 28.284 Q Z45° 
~~[ Z 2 = 68 Q Z0° 

<— Zjv = Zi || Z2 
- = (28.284 QZ45°) || (68 QZ0°) 

-J = 21.31 Q Z32.2° 




Z' bypassed by short-circuit 



<-I sc = I = 1^=0.1 AZ0° 



+ 




Zi = 2 Q Z0°, Z 2 = 4Q Z90° 
Z 3 = 8Q Z-90°, Z 4 = 10 Q Z0° 
E = 50 V Z0° 
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Z' = Zi || Z 2 = 2 Q Z0° || 4 Q Z90° 

= 1.789 Q Z26.565 0 = 1.60+ y0.8 Q 
Z' + Z 4 = I.6Q+7O.8Q+ 10 n= 11.6Q+y0.8Q= 11.628 fi Z3. 945° 
Zjy = Z 3 || (Z' + Z 4 ) = (8 n Z-90°) II (1 1.628 Q Z3.945°) = 6.81 Q Z-54.23" 

= 3.98 Q -75.53 Q 



h 



E 



50VZ0 C 



6.250 A Z90° 



Z 3 8QZ-90 0 
Z' = Z 2 || Z 4 = 4 D. Z90° || 10 D. Z0° 
= 3.714 QZ68.2° 

Z'E _ (3.714 Q. Z68.2°)(50 V Z0°) 



V 2 = 



Z' + Z, 



1.378 n + /3.448Q + 2Q 



185.7 VZ68.2° 
4.827 Z45.588 0 



38.471 VZ22.612 0 



V,_ 3M71V^6ir A . 

Z 4 10QZ0° 
Iat= I 3 + I 4 = 6.250 A Z90° + 3.847 A Z22.612 0 

= +76.25 A + 3.551 A+yl.479 A = 3.551 A+/7.729A 
= 8.51 A Z65.32° 



28. a. From Problem 14(a): Z N = Z Th = 5.00 fi Z-38.66° 
I N : Superposition: 



= 10 fi + 8 fi Z90° || 8 fi Z-90° 

= ion+ 64nzo ° 



0 

= very large impedance 

h = — = 0 A 
Zr 

and V Zl = 0 V 

with V Z2 = V Z3 = Ei = 120 V Z0° 
Ei _ 120VZ0 0 



so that IV = 



Z 3 8fiZ-90° 
= 15 AZ90° 
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(I) 



I 7 =0 



1 = 0.5 A Z60° 



I N = I'sc + l"sc = + jl5 A + 0.5 A Z60° = + jl5 A + 0.25 A + y0.433 A 
= 0.25 A + yl5.433 A = 15.44 A Z89.07 0 

b. From Problem 14(b): Z N = Z n = 10 Q -ylO Q = 14.14 Q Z-45° 




In=T-I 



E 



20VZ40 0 



0.6AZ90 0 



14.142QZ-45 0 
1.414 A Z85° -y'0.6 A 
0.123 A+yl.409 A-7O.6A 
0.123 A+y0.809A 
0.82 A Z81.35° 



29. a. Z A 



T T T 



E = 20 V Z0°, I 2 = 0.4 A Z20° 
Zi = 6Q+y8Q = 10QZ53.13 0 
Z 2 = -jl2 Q = 15 Q Z-53.13° 
Z N = Zi || Z 2 = (10 Q Z53.13°) || (15 Q Z-53.13°) 
= 9.66 Q Z14.93° 



(E) 



(I2) 



I = 0A 



I = 0A 




I'„ = E/Zi = 20 V Z0710 D. Z53.13° 



!"« = h = 0.4 A Z20° 



= 2 AZ-53.13° 

Ijv = I', c + l" sc = 2 A Z-53.13° + 0.4 A Z20° 
= 2.15 A Z-42.87° 
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I 



Ei = 120VZ30 0 , Z! = 3QZ0° 
Z 2 = 8 Q -78 Q,Z 3 = 4D Z90° 



Zw — Z3 + Zi || Z2 

= 4Q Z90° + (3Q Z0°) || (8 Q -78 Q) 
= 4.37 n Z55.67° = 2.47 n + 73.61 Q 



+ 



Ei_ = 120 VZ30° 
120VZ30 0 



3Q + (8Q-y8Q)||4QZ90° 
120VZ30 0 



6.65QZ46.22 0 
= 18.05 AZ-16.22° 



. h ^_ = (8Q-78QX18.05A^-16.22") = 22<83 A z _ 34 . 65 o 



z 2 + z 3 



8Q-78Q + 74 Q 



30. a. 



Z N =SQ Z0° 
DC 



_ 4 y_ 



-• — •- 



R,> 8 Q. 



E 2 -=-4V 



i— -L 



AC 



-• — •- 



Zi = 6 Q -72 Q 
Z 2 = 8 Q Z 0° 



t .i.l2v^!. 1JJXza . 

Z 2 8QZ0° 
Ijv= 0.5 A + 1.25 A Z0° 
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Z jV =8QZ0° 
Z L = 4 Q Z90° 



DC 



■lb 


6 3 
T T 


<) 



1 1 = L,= 0.5 A 



AC: 



I= ^)_^(8QZ0°)(1.25AZ0°)^ L118AZ _ 26j57O 

Zn + Zl 8Q + ./4Q 

7 8n = 0.5 A+ 1.118 AZ-26.57° 

(dc) (ac) 
z = 0.5 + 1.58 sin(cof - 26.57°) 



From #16 Z N = Z Th = 9Q Z0° 
DC: 

6Q I 3Q 

12V 



„ E 12V 

I'jv = — = = 1 .33 A 

Rt 9Q. 



AC: 




R { 1 (6Q. Z0°)(4 A Z0°) 



24 V Z0° 
9QZ0° 



9QZ0° 



= 2.67 A Z0° 



I jV =1.33A + 2.67AZ0° 




DC: V C = IR 

= (1.33A)(9Q) 
;1 Q. V c = 12 V 

AC: Z' = 9 Q Z0° || 1 Q Z-90° 
= 0.994 Q Z-83.66° 



V c = IZ' = (2.667 A Z0°)(0.994 Q Z-83.66°) 

= 2.65 V Z-83.66° 
F c =12V + 2.65VZ-83.66° 

32. a. Note Problem 17(a): Z N = Z Th = 4.47 kQ Z-26.57° 

Using the same source conversion: Ej = 50 V Z0° 

Defining E r = Ej + E = 50 V Z0° + 20 V Z0° = 70 V Z0° 



Zi = 10 kQ Z0° 

Z 2 = 5 kQ -y5 kQ = 7.071 kQ Z-45° 



E r _ 70 V Z0° 
Z l 10kQZ0° 



7mAZ0° 



1 = 



1 N = hr = 7 mA Z0° 



Z n (In) _ (4-472 kQ Z - 26.565°)(7 mA Z0°) 



Zn + Zl 4.472 kQZ- 26.565° + 5 kQZ90° 
31.30mAZ-26.565° 3 1.30 mAZ- 26.565° 



4-J2 + J5 
3 1.30 mAZ -26.565° 



5Z36.87° 



4 + 73 

= 6.26 mA Z63.44° as obtained in Problem 17. 
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Z] = 10 kQ Z0°, Z 2 = 10 kQ Z0 
Z 3 = -y'l kQ 

Z N = Z 3 + Zi || Z 2 = 5 kQ -yl kQ 
= 5.1 kD Z-11.31° 



ny<>v> 



v _ -(Z 2 ||Z 3 )20V 
2 (Z 2 ||Z 3 ) + Z 1 

= -(0.995 kQZ-84.29°)(20V) 

o.i kn-y0.99kn + iokn 

V 2 = -1.961 VZ-78.69° 



IjV ~~ he - 



V, -1.961 VZ-78.69° 



lkQZ-90° 



= -1.96xlO- 3 VZ11.31° 



Zi = 40 kQ Z0°, Z 2 = 0.2 kQ Z-90° 
Z 3 = 5 kQ Z0° 



* — £■ 



Z W = Z 3 ||(Z 1 + Z 2 ) 

= 5 kQ Z0° || (40 kQ -y0.2 kfi) 
= 4.44 kQ Z-0.03° 



1001 



0 



Z^IOOI) 

z, +z 2 



= f40kQZ0°)(100I) 
40 kQZ- 0.286° 
= 100 I Z0.29 0 
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35. Zjv! 









*1 




Z 2 



J I 



Zi = 5 kQ Z0°, Z 2 = 1 kQ Z-90° 

<- Z N = Z] + Z 2 = 5 kQ -yl kQ 
= 5.1 kQ Z-11.31 0 




+ 



(I): 



//V (20)(2 V Z0°) 



Z! + Z 2 5.1kQZ-11.31° 
7.843 mAZ11.31° 

Zi(I) 



Z, +Z, 



(5 kQ Z0°)(2 mA Z0°) 

5.1kQZ-11.31° 
1.96mAZ11.31° 



I w = r«. + r„= 7.843 mAZ11.31°+ 1.96 mA Z11.31° 
= 9.81 mAZ11.31° 



36. Z«: 



I — i 



Zi = 20 kQ Z0°, Z 2 = 5 kQ Z0° 
V= 10 VZ0°, ^ = 20,/!= 100 
I = 1 mA Z0° 

Zjv = Zi + Z 2 = 25 kD Z0° 




i 



OlV) 

r 



_ Z t (M) 
e Zj + z 2 

(20 kQ Z0°)(/zI) 
20 kQ Z0° + 5 kQZ0° 
= 80 mA Z0° 



//V _(20)(10VZ0°) 



8 mA Z0° 



25 kQ 



l N (direction of I', c ) = l' sc - l" sc = 80 mA Z0° - 8 mA Z0° = 72 mA Z0° 
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37. 



© 



*1 ^, 



+ 20 V 
V 



+ 



Zi = 1 kQ Z0° 
Z 2 = 3 kQ Z0° 
Z 3 = 4 kQ Z0° 

V 2 = 21 V = E 0£ 
I = Ii + h, h = 



E 

. PC 

21 

E„„ 



E EE 

I 2 = ^,I = I 1 + I 2 = + — = E 0 

2 1 Zij ^2 



Z 2 + 21 Zj 



l l 



21 Zj Z 2 



21 ZjZ 2 



and E„ 



1= E 0 

21 ZjZ 2 I _ (21)(1 kfi Z0°)(3 kQ Z0°)(2 mA Z0°) 



Z 2 +21Z, 



3kQ + 21(lkQZ0°) 



E ra = E oc = 5.25 V Z0° 



Z! 21 Zj 



20 V 



Z 2 + Z 3 



r 



( Z 2 + Z 3 ^ 

Z 2 



i = i x + r 



Z 2 +Z 3 



Z 2 



= V3_ = 21V Z3 



21 



V = IiZ! 

i = i x + r 



z 2 +z 3 



21 Zj 



2mAZ0° 



3 Z 3 + Z 2 4kQ 7kQ 
21 Z, Z, 21kQ 3kQ 



= 0.79 mA Z0° 



I w =0.79mAZ0° 



Zw — 



E„ 



5.25 VZ0° 



I 0.79mAZ0° 



= 6.65 kfi Z0° 
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38. 






I, 20 V + 








3 V 


*2 



Zi = 2 kQ Z0° 
Z 2 = 5 kQ Z0° 



I 2 = I 3 + Is 

V = I 5 Z 2 = (I 2 - I 3 )Z 2 

E oc = E Th = 2\ V = 21(I 2 -I 3 )Z 2 



= 21 



I, 



E, 



E 0 



1 + 21- 



^1 J 
= 21 Z 2 I 2 



21Z 2 I 2 _ 21(5kQZ0°)(2mAZ0°) 



1 + 21^ 



l + 2lf 5kQ ^ A 
I 2 kQ Z0° 



E ra = E„ r = 3.925 VZ0° 




20 V + 
V 



20 V * -V .-. V = 0 

and l N = l sc = l 2 = 2 mA Z0° 



F 3 925 V Z0° 
j^ = ^vzu =i.96kQ 

I sc 2mAZ0° 



39. a. 



Z] = 3 Q +y'4 Q, Z 2 = -76 Q 
<— Z77, = Zi || Z 2 

= 5QZ53.13°||6QZ-90° 

= 8.32QZ-3.18° 
Z L = 8.32 Q Z3.18° = 8.31 Q -yO.46 Q 
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Z 2 E 

E™ — 



Z 2 +Z l 



= (6nZ-90 o )(120VZ0°) 

3.6inZ-33.69° 
= 199.45 V Z-56.31° 



P = 

max 



E 2 n _ (3.124 V) 2 



4R n 4(8.3 in) 



= 1198.2 W 



b. 



Z 1 = 3n+y4n = 5nZ53.13° 

Z 2 = 2 n Z0° 

<— Za> = 7u T k = Zi || Z2 

= 5nZ53.13°||2nZ0° 
_ 10nZ53.13° 
2 + 3 +y4 
10nZ53.13° 



5+74 

10nZ53.13° 



6.403 Z38.66° 

= i.56 n Z14.47 0 

Z ra = 1.56nZ14.47° 
= 1.51 n+y0.39n 

z L = i.5i n-yo.39n 



I 




■Th 



Era — I(Zi|| Z2) 

= (2 A Z30°)(1.562 n Z14.47°) 
= 3.12 V Z44.47° 



P = 

1 max 



E 2 Th _ (3.12 V) 2 



4R n 4(1.51 n) 



1.61 W 



40. a. Zra: 



-Th 



Zi = 4 n Z90°, z 2 = ionzo° 
z 3 = 5 n z-90 0 , z 4 = 6 n z-90 0 

E = 60 V Z60° 



Zra = z 4 + z 3 1| (Zj + z 2 ) = -76 n + (5 n z-90 0 ) || (10 n + 74 n) 
= 2.475 n -74.754 n 
= 11.04 nz-77.03 0 

Zi = 11.04 n Z77.03 0 
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E 



Th- 



+ E 



Th 



-Th 



E 



Z 3 (E) 



= f5QZ-90 o )(60VZ60°) 

-J5D. + y4Q + 10Q 
= 29.85 V Z-24.29 0 



En/ARn = (29.85 V)74(2.475 Q) = 90 W 



b. 



-r/7 



Z! = 3Q+./4Q = 5QZ53.13 0 
Z 2 = -y'8 Q 
Z 3 = 12fi+y9Q 



Z Th = Z 2 + Zi || Z 3 = -78 n + (5Q Z53.13°) || (15 Q Z36.87°) 

= 5.71 Q. Z-64.30 0 = 2.475 Q -y'5.143 ^ 
Z L = 5.71 Q. Z64.30 0 = 2.48 ft + y5.15 Q 



E 



7/7 



1 



0 



E M + v Z3 - E 2 = 0 
Era = E2 — V 7 



Z 3 (E 2 - Ei) 
Z,+Z x 



= 168.97 VZ112.53 0 



200 V Z90° - 168.97 V Zl 12.53° = 78.24 V Z34.16 0 



En/ARn = (78.24 V)74(2.475 Q) = 618.33 W 



41. i 



£Z0° 1 V zo° 



RZO° lkQZO° 



1 mAZO° 



Z Th = 40 kQ Z0° 

E n = (50 I)(40 kQ Z0°) = (50)(1 mA Z0°)(40 kQ Z0°) = 2000 V Z0° 



P = 

- 1 mux 



Eth 



(2kvy 



4R Th 4(40 kQ) 



= 25W 
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42. a. Z Th = Zjv = 8 Q Z0° (Problem 30(b)) 

Zi = 8 Q Z0° 

E nk =I w .Z w : DC: E re = 1^ • Z N = (0.5 A)(8 Q) = 4 V 

AC: E ra = I' w • Z N = (1 .25 A Z0°)(8 Q Z0°) = 1 0 V 

b. P max = -^-= (4V) + (10V:) = 0.5 W + 3.13 W = 3.63 W 
4fe 4(8 Q) 4(8 Q) 

43. From #16, Z ra = 9 Q, E r/l = 12 V + 24 V Z0° 
a. .-. Zi = 9 Q 

4tf ra 4(9 Q) 4(9 Q) 



or£ ra = yjvl + V^ = 26.833 V 

= 20W 

47? ra 4(9 Q) 

44. a. Problem 17(a): 

Z Th = 4.47 kQ Z-26.57° = 4 kQ -J2 kD 
Z L = 4 kQ + y2 kQ 
Ejj, = 31.31 V Z-26.57° 

b. P mi . = E 2 Th /4R Th = (31.31 V) 2 /4(4 kQ) = 61.27 mW 

45. a. Z n = 2 kD Z0° || 2 kQ Z-90° = 1 kQ -jl kD 



Rl~ ^Rrh + {Xn + XLoad) 

= J(l kQ) 2 + (-1 kQ + 2 kQ) 2 

= J(lkQ) 2 + (lkQ) 2 
= 1.41kQ 



R* v = (Rn + ^Load)/2 = (1 kQ + 1.41 kQ)/2 = 1.21 kQ 

Pmax =Ek= J5oyf_ = 516 53 mW 

4R m 4(1.21kQ) 
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46. a. 



-'Th- 

i-TzT 



1 



1 



Th 



2nfC 2^(10 kHz)(4nF) 
= 3978.87 Q 
X L = 2nfL = 2^10 kHz)(30 mH) 

= 1884.96 Q 
Zi = 1 kfi Z0°, Z 2 = 1884.96 Q Z90° 
Z 3 = 3978.87 Q Z-90° 



Z ra = (Zi + Z 2 ) || Z 3 = (1 kQ + yl 884.96 Q) || 3978.87 Q Z-90°) 
= 2133.79 Q Z62.05 0 || 3978.87 Q Z-90°) 
= 3658.65 QZ36.52 0 



C = 



Z L = 3658.65 Q Z-36.52 0 = 2940.27 Q - y2177.27 Q 
! = 7.31 nF 



2;r/X c 2;r(10kHz)(2177.27Q) 



b. 7?z = ra = 2940.27 Q 

Z 3 (E) (3978.87 QZ-90°)(2VZ0°) 



c. 



E 



Th 



Pmax = E 2 Th /AR Th = (3.43 V) 2 /4(2940.27 Q) = 1 mW 



Z 3 + Z! + Z 2 1 kQ + jl 884.96 Q - y3978.87Q 

Tfl /4R n 



3.43 VZ-25.53°) 



47. ljt= (4kOZ0°)(4mAZ0°) =133mA 
4kQ + 8kQ 
V a/ , = (U)(8 kQ Z0°) = 10.67 V Z0° 



V a6 



48. a. 



b. 



12 kQ 




4 kQ 




6 kQ 



V = 



4 kQ(E) 



1 



4kQ + 12kQ 4 
5 VZ0° 



(20VZ0 0 ) 



5VZ0° 

I = — = 0.83 mA Z0 C 

6kQ 



6 kQ(E) 



1 



6 kQ + 6 kQ 2 
= 10 V Z0° 



(20 V Z0°) 



10VZ0° 
I = = 0.83 mA Z0° 

12 kQ 
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49. 




. 100VZ0 0 ... 
Ii = = 50 mA Z0 



I? 



2kQZ0° 
50VZ0 0 



4kQZ90° 
= 12.5 mA Z-90° 
Zi = 2 kQ Z0° 
Z 2 = 4 kQ Z90° 
Z 3 = 4 kQ Z-90° 



I r = Ii - 1 2 = (50 mA Z0° - 12.5 mA Z-90°) = 50 mA + y'12.5 mA 

= 51.54 mAZ14.04° 
Z' = Z, || Z 2 = (2 kQ Z0°) || (4 kQ Z90°) = 1.79 kQ Z26.57° 



Ir 



ZI, 



(1.79 kQZ26.57°)(51.54mAZ14.04°) 



Z' + Z, 



1.6 kQ + y0.8kQ-y4kfi 



= 25.77 mA Z104.04 c 
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Chapter 19 



i. 



a. 
b. 



P T = 60 W + 20 W + 40 W = 120 W 
Q T = 0 VARS, S T = P T = 120 VA 

S,= £4 /.= ^ = 1^=0.5 A 
' £ 240 V 



d. 




4 = -^ =2400 
7 2 (0.5 A) 2 

K = V? = (0.5 A)(240 Q) = 120 V 
Ki = F 2 = /i- K= 240 V- 120 V= 120 V 

(20 W) |(40W) p Kf ^ r? = (120V) 2 = ?2Q Q 
*i A 20 W 

7? 2 P 2 40 W 



/,^^=0.17A,/ 2 ^ 12 ° V 



/?! 720 Q 



R 2 360 Q 



0.33 A 



2. 



Z r = 3 Q -j5 Q. +j9 Q = 3 Q +y4 Q = 5 Q Z53.13° 
50VZ0° =10AZ _ 5313 . 
Z r 5QZ53.13 0 



7?: P = / 2 P = (10A) 2 3 fi = 300W 
L: P = 0W 
C: P = 0 W 



b. R: Q = 0 VAR 

C: g c = / 2 X c = (10 A) 2 5 Q = 500 VAR 
L: Q L = I 2 X L = (10 A) 2 9D = 900 VAR 



c. 



R: 
C: 
L: 



S = 300 VA 
5 = 500 VA 
5 = 900 VA 



P r =300W 

Qt=Ql-Qc = 400 VAR(L) 

5r= 4p 2 t + Q t = EI= (50 V)(10 A) = 500 VA 



P r _ 300 W 



S T 500 VA 



= 0.6 lagging 
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g- 



3. a. 



b. 
c. 



4. a. 



b. 

c. 
d. 



Wr= : W R = 2 



~VI~ 


= 2 


" VI ' 


_vi 


u_ 






/. 



w R = 



YL 
J 

V= IR = (10 A)(3 Q) = 30 V 
(30 V)(10A) 



60 Hz 



= 5 J 



V c = IX C = (10 A)(5 Q) = 50 V 
^ _ E7_ (50V)(10A) 
C <bi (2^X60 Hz) 

V L = IX L = (10 A)(9 Q) = 90 V 
VI _(90V)(10A) 



1.33 J 



W,= 



376.8 



= 2.39 J 



P T = 0 + 100 W + 300 W = 400 W 

Q T = 200 VAR(L) - 600 VAR(Q + 0 = -400 VAR(Q 

S T = a/^~ 



Qj. = 565.69 VA 
400 W 



565.69 VA 



= 0.707 (leading) 



P T = EI S cos Q T 
400 W = (100 V)/ s (0.7071) 
400 W 
' 70.71V 
I S = 5.66AZ135° 

P T = 600 W + 500 W + 100 W = 1200 W 

Q T = 1200 VAR(L) + 600 VAR(L) - 600 VAR(Q = 1200 VAR(L) 
S T = t]p 2 t + Q 2 t = 7(1200 W) 2 + (1200 VAR) 2 = 1697 VA 

j^ l200W 
P S T 1697 VA SS S ' 



= 5V = 1697VA = (lagging) 
£ 200 V 55 BJ 

l s = 8.49 A Z-45° 

P T = 200 W + 200 W + 0 + 100 W = 500 W 

Q T = 100 VAR(L) + 100 VAR(L) - 200 VAR(Q - 200 VAR(Q = -200 VAR(C) 
St= t]p 2 t + Q 2 t = 538.52 VA 
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c. 



Fp = — = 500 W = 0.928 (leading) 

P St 538.52 VA 



d. P T = EI S cos 6 T 

500 W = (50 V)/ s (0.928) 

, 500 W tnnnr . 

I s = = 10.776 A 

' 46.4 V 

I s = 10.78 A Z21.88° 



, T 60VZ30° . . ...„ 

6. a. 1^ = = 3 A Z30° 

20QZ0° 

P = I 2 R = (3 A) 2 20 Q = 180 W 

g« = 0VAR 

S = P = 180 VA 



10QZ90° 



5=2 = 360 VA 



Q L = I 2 X L = (6 A) 2 10 Q. = 360 VAR(L) 



c. P T = 180 W + 400 W = 580W 

gr = 600 VAR(L) + 360 VAR(L) = 960 VAR(L) 

S T = 7(580 W) 2 + (960 VAR) 2 = 1121.61 VA 

Pr = 580W = (lagging) 0 = 58. 
P S r 1 121.61 VA 



d. 5 r = E7, 

F _ St _ 1121.61 VA 



18.69 A 



E 60 V 
0j = 30° - 58.87° = -28.87° 

h = 18.69 A Z-28.87° 



7. a. *:/>=^ = ^ = 200W 
/? 2Q 

Pl,c = 0W 
b. 7?: g = 0 VAR 

C: Qc=—= (2 ° = 80 VAR(Q 

* X c 5Q 

p2 QOV^ 2 
L: = — = '- = 100 VAR(L) 

X L 4Q 
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c. R: S = 200VA 
C: 5=80VA 
L: S=100VA 

d. P T =200 W + 0 + 0 = 200W 

Q T = 0 + 80 VAR(C) + 100 VAR(L) = 20 VAR(L) 

S T = ^(200 W) 2 + (20 VAR) 2 = 200 VA 

= Pt = 200 W — = 0>995 (lagging) 5 73 o 

* S r 200.998 VA 



/>= ^ 200.998 VA = 
' £ 20 V 
L= 10.05 AZ-5.73° 



, „ 50VZ60° =1 „ AZ687 . 

5QZ53.13° 
= / 2 i? = (10 A) 2 3D = 300 W 
Pi = OW 

p c =ow 

b. g« = 0 VAR 

gt = / 2 X L = (10 A) 2 4Q = 400 VAR 
50VZ60- ^ Azl50 „ 
10QZ-90 0 
gc = / 2 ^c = (5 A) 2 1 0 Q. = 250 VAR 

c. 5« = / J = 300VA 
& = gt = 400 VA 
5c=gc = 250VA 

d. P T = P R = 300W 

Qt= 400 VAR(L) - 250 VAR(C) = 150 VAR(L) 

S T = V(300 W) 2 + (150 VAR) 2 = 335.41 VA 
5r 335.41 VA 



/i=J gr = 335.41VA 

£ 50 V 
0.894 26.62° lagging 
9 = 60° -26.62° = 33.38° 
I v = 6.71 A Z33.38" 
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9. a-c. 



E = 50 V Z0° 



X L = G)L = (400 rad/s)(0.1 H) = 40 Q. 

x - 1 - 1 
C coC (400rad/s)(100//F) 

= 25Q 

Zi = 40 Q Z90°, Z 2 = 25 Q Z-90° 
Z 3 = 30 Q. Z0° 



Zi + Z 2 1| Z 3 = +/40 Q + (25 Q. Z-90°) || (30 D. Z0°) 
= +/40 Q + 19.21 Q Z-50.19 0 
= +/40 Q + 12.3 Q -yl4.76 Q 
= 12.3 Q+./25.24Q 
= 28.08 Q Z64.02 0 



I, 



50 VZ0° 



-= 1.78 AZ-64.02 0 



28.08 QZ64.02 0 

V 2 = I,(Z 2 || Z 3 ) = (1.78 A Z-64.02°)(19.21 Q. Z-50.19 0 ) 
= 34.19 VZ-1 14.21° 
V 2= 34.19VZ-114.21 0 
Z 2 



I 



25QZ-90 0 
V 2 _ 34.19VZ-114.21° 
Z^ 30QZ0° 



-= 1.37 AZ-24.21° 



1.14 AZ-114.2T 



Zi: i» = 0 W, g L = 7 2 X X = (1.78 A) 2 40 Q = 126.74 VAR(L), S = 126.74 VA 
Z 2 : P= 0 W, g c = / 2 X C = (1.37 A) 2 25 Q = 46.92 VAR(Q, S = 46.92 VA 
Z 3 : P= ilR = (1.14 A) 2 30 Q = 38.99 W, = 0 VAR, S = 38.99 VA 



P r = 0 + 0 + 38.99 W = 38.99 W 

Q T = +126.74 VAR(L) - 46.92 VAR(Q + 0 = 79.82 VAR(L) 
St= tJp 2 t + Q 2 t = 88.83 VA 



P T _ 38.99 W 



S T 88.83 VA 



= 0.439 (lagging) 



W R = VrIr 



v 2 h 



fx 



CO, 



2/, 2/, 
400 rad/s 



1 _ 



In 



6.28 



(34.19V)(1.14A) 
2(63.69 Hz) 

63.69 Hz 



= 0.31 J 



Wl _ VJl- (Wj, = & = (1-78 A) 2 40Q = Q 32 j 



ft). 



400 rad/s 



Wc= ^c = ^ 2 _ = (34.19V ) (L37A ) =0jl2J 

400 rad/s 
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10. a. /t= Sl = 10.000VA =50A 
' £ 200 V 



0.5 =^> 60° leading 
.'. I. s leads E by 60° 
F 200 V /0° 

— = =4Q, Z-60° = 2 Q - 73.464 D. = R-jX c 

I 50AZ60 0 



b. 7v= ^ = ^=(0.5X10,000 VA) = 5000 W 

<SY 

11. a. /= ^= 5000 VA = 41.67 A 

E 120 V 

= 0.8 => 36.87° (lagging) 
E = 120 V Z0°, I = 41.67 A Z-36.87° 
F 1 20 V /0° 

Z = - = =2.88 D. Z36.87° = 2.30 Q + yl.73 Q = 7? + yXi 

I 41.67AZ-36.87° 

b. P = S cos # = (5000 VA)(0.8) = 4000 W 

12. a. P r =0 + 300W = 300W 

Q T = 600 VAR(C) + 200(L) = 400 VAR(C) 

5r= 4pt + Qt= 500 VA 

F p =i = ^= 0.6 (leading) 

5 r 500 VA 

r 5 r 500 VA 

b. I s = — = =16.67 A 

' E 30 V 

7^ = 0.6 => 53.13° 
L = 16.67 A Z53.13° 



Load: 600 VAR(Q, 0 W 

7? = 0, L = 0, Q C = fX c => X C = % = 600 VAR 2 = 2.159 Q 
* / 2 (16.67 A) 2 

Load: 200 VAR(Z), 300 W 

C = 0,R = P/I 2 = 300 W/(16.67 A) 2 = 1.079 Q 

200 VAR 2 = 0.7197 n 
/ 2 (16.67 A) 2 



Z r = I/2.159 Q + 1.0796 Q + yO.7197 Q 
= 1.08 Q -yl.44 Q 
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13. a. 



b. 

c. 
d. 



14. a. 



P T = 0 + 300 W + 600 W = 900 W 

Q T = 500 VAR(Q + 0 + 500 VAR(L) = 0 VAR 

S T = P T = 900 VA 

F = El= i 



^900VA^ 
£ 100V 



0 




0 



n - V 2 v _ V 2 _ 10 4 
2c- — ^Ic 



c 2c 500 



E _ 100VZ0° 
Z^ _ 20QZ-90° 



20 a 

5A Z90° 



I 2 = I s - Ii = 9 A -j5 A = 10.296 A Z-29.05 0 



R 



300 W 



300 



I 2 (10.296 A) 2 106 



2.83 Q 



x LC = on 

n _ P 600 W 
R — 



(10.296 A) 



= 5.66 a 



a- 4- 



500 



(10.296 A) 



= 4.72 C1,X C = 0Q. 



P T = 200 W + 30 W + 0 = 230 W 

Q T = 0 + 40 VAR(L) + 100 VAR(L) = 140 VAR(L) 

St= ^P~VH? t = 269.26 VA 
c ,_ J p r _ 230 W 



5 r 269.26 VA 



0.854 (lagging) => 31.35° 



Sr = 26926VA = 26926A 
E 100 V 
I s = 2.69 A Z-31.35° 
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0 



v 2 _\o 4 



~[h Zi: /?= — = — = 50Q 
P 200 



x L jc c =on 
l ioovzo° 



: 2 A Z0° 



50QZ0° 

I 2 = I, - Ii 

= 2.6926 A Z-3 1 .35° - 2 A Z0° 
= 2.299 A - 7 1.40 A - 2.0 A 
= 0.299 A -7 1.40 A 
= 1.432 AZ-77.94° 



R 



30 W 



r 2 (1.432 A)' 



14.63 Q. A, ~ 40 VAR , 19.50 0 



Ii (1.432 A)' 



X c =0Q 



Q_ = 100 VAR =4g ?6 q 7 ? = 0Q,X C =0Q 
7 2 2 (1.432 A) 2 



15. a. P r = 100 W+ 1000 W = 1100 W 

100 W 1000 W 



0.8 => 36.87° 

125 VA" 




75 VAR 

0.4 => 66.42° N 

2500 VA 



2291 .26 VAR 



Q T = 75 VAR(C) + 2291.26 VAR(C) = 2366.26 VAR(Q 



Sr= tJp 2 t + Q 2 t = 2609.44 VA 

= 0.422 (leading) => 65.04° 



F _p r _ 1100 w 

r„ - 



S T 2609 .44 VA 



b. 



5 r = ^=>^=^= 2609 - 44VA = 521.89V 
7 5A 

E = 521.89 V Z-65.07 0 



z 2 



1,-1-1-™™- „. 239S A 



V l E 521.89 V 
5 _ 5 _ 2500 VA 
V 2 ~E 521.89V 



4.79 A 
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Z,: R=— = 



100 W 

(0.2395) 2 



Z 2 : R 



Xr 



Q=i 2 Zl x c 
p 



X, 



= 1743.38 Q 



75VAR 



' l\ (0.2395 A) 2 



1307.53 



1000 w 



llX c (4.790 A) 2 



43.59 Q 



2291.26 VAR 



I 2 Z X C (4.790A) 2 



99.88 Q 



16. 



c. 



0.7^45.573° 

P = S cos 0 = (10 kVA)(0.7) = 7 kW 

Q = S sin 0 = (10 kVA)(0.714) = 7.14 kVAR(L) 



10kVa 



45.573° 




7kW 



b. g c = 7.14kVAR = 



7.14 kVAR 



V 



X r 



Xc= r = (208 V) 2 =6mgn 



Q c 7.14 kVAR 



1 



X c 

2nfC 

Uncompensated: 

Si 
E 



C = 



1 



1 



2npi c (27i)(60Hz)(6.059Q) 



438 jiF 



= 5V = 10,000 VA 



208 V 

Compensated: 

EE 208 V 



= 48.08 A 



/s= ^ = ^ = Z^0W = 3 3. 65A 




y 

7.14 kVAR 



cos 9 = 0.9 

0 = cos _1 O.9 = 25.842° 

tan 9 = ' 



7kW 



7kW 

x = (7 kW)(tan 25.842°) 

= (7 kW)(0.484) 

= 3.39kVAR 
y = (7.14- 3.39) kVAR 

= 3.75 kVAR 
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gc = 3.75kVAR = 



X c 



X c = V -= ( 2 ° 8V > 2 = 11.537 Q. 
3.75 kVAR 



C= — - — = = 230 uF 

27tfX c (27t)(60Hz)(l 1.537 Q) 



Uncompensated: 
/, = 48.08 A 

Compensated: 

S T = V(7kW) 2 + (3.39kVAR) 2 = 7.778 kVA 

ft. 7-778 kVA 
£ 208 V 

17. a. P r = 5 kW, Q T = 6 kVAR(L) 
St= ^1 P 2 t + Q 2 t = 7.81 kV A 

b. F„ = — = 5kW = 0.640 (lagging) 

P St 7.81 kVA SS 



/f=J gr = 7,810VA 
' £ 120 V 



^._1_. & .^.^..0MV)' 



In fC X c X c 

, v (120 V) 2 14,400 . . _ 

and X c = — = — = 2.4 D. 

Q c 6000 

C= = =1105 uF 

2npC c (2^)(60 Hz)(2.4Q) 



S T - EI S - P T 



.^ = ft = 5000W 
E 120 V 
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18. a. Loadl: P = 20,000 W, 0 = 0 VAR 
Load 2: 6 = cos _1 0.7 = 45.573° 



c. 




10 kW 
Load 3: 



0 = cos -1 O.85 = 31.788° 




tan 9 = 

10 kW 

x = (10 kW)tan 45.573° 

= (10kW)(1.02) 

= 10,202 VAR(L) 



tan0 = 



5 kW 



5kW 

x = (5 kW)tan 31.788° 
= (5 kW)(0.62) 
= 3098.7 VAR(L) 



P T = 20,000 W + 10,000 W + 5,000 W = 35 kW 

Q T = 0 + 10,202 VAR + 3098.7 VAR = 13,300.7 VAR(L) 

St= ^P 2 t + Q 2 t = 37,442 VA = 37.442 kVA 



0,-= 13,300.7 VAR 




P T = 35 kW 



b. Qc = Ql = 13,300.7 VAR 



C = 



(10 3 V) 2 



Q c 13,300.7 VAR 
1 1 



-= 75.184 D. 



2nfX c (27t)(60 Hz)(75 . 1 84 Q) 
Uncompensated: 
E 



35.28 fiF 



■ 37^42 kVA 



lkV 



Compensated: 

S T = P T = 35 kW 

£ lkV 



19. 



Z T = R l + R 2 + R 3 +jX L -jX c 

= 20 + 30+ 1 Q+y3Q-yl2fi = 6Q-y9Q= 10.82 Q Z-56.3T 
E 50VZ0° 



I 



4.62 AZ56.31° 



Z r 10.82QZ-56.31 0 
P = F/ cos 9 = (50 V)(4.62 A) cos 56.3 1 ° = 128.14 W 
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b. a-b: P = ?R = (4.62 A) 2 2Q = 42.69 W 

b-c: P = I 2 R = (4.62 A) 2 3 Q. = 64.03 W 

a-c: 42.69 W + 64.03 W = 106.72 W 

a-d: 106.72 W 

c-d: 0 W 

d-e: 0 W 

f-e: P = I 2 R = (4.62 A) 2 1 D. = 21.34 W 



20. a. SV=660 WA = EI S 

«ova_ jja 

120 V 
# = cos~'0.6 = 53.13° 

.E = 120 V Z0°, I. s = 5.5 A Z-53.13° 
P = EI cos 0 = (120 V)(5.5 A)(0.6) = 396 W 
Wattmeter = 396 W, Ammeter = 5.5 A, Voltmeter = 120 V 

F 1 20 V Z0° 

b. Z T = — = = 21.82 D. Z53.13 0 = 13.09 D. + y!7.46 Q = R +jX L 

I 5.5AZ-53.13° 

n p 80 w m E 200 V 

21. a. R= — = r=5fi,Z r =- = =50Q 

7 2 (4A) 2 / 4A 



X L = V Z r " i? 2 = V( 50 Q ) 2 " ( 5 a f = 49 - 75 n 

X, 49.75 Q .„ n - TT 
i - L - - 132.03 mH 



Inf (2ji)(60Hz) 



P 90 W 
b. R = 4 = Z ^V=10Q 

7 2 (3 A) 2 



*=4 = ^=15Q,Z r =*=^=100Q 
/ 2 (2A) 2 7 2A 



Xl= V z r-^ 2 = V( 100Q ) 2 " (15 O) 2 = 98.87 Q 



X z 98.87 n TT 
- 262.39 mH 



2nf 376.5 

22. a. X L = 2nfL = (6.28)(50 Hz)(0.08 H) = 25.12 D. 

Z T = ^R 2 +X 2 L = J(4 Q,) 2 + (25.12 D.) 2 = 25.44 Q 

Z r 25.44 Q 
P = I 2 R = (2.358 A) 2 4Q = 22.24 W 
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P 30W =2((7A 
V ^ \ 7Q 

Z,= * = ^= 28.99 Q 
/ 2.07 A 

X L = 7(28.99 0) 2 -(7 Q) 2 =28.13 Q 

X L 28.13 O 



2*/ (2jt)(50 Hz) 



89.54 mH 



c. P = fR = {\.lKf 10Q = 28.9W 

Z,= * = ^=35.29Q 
/ 1.7A 



X L = 7(35.29 n) 2 -(10O) 2 = 33.84 Q 

X L 38.84 Q ,, 
L = — — = = 107.77 mH 

2nf 314 
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Chapter 20 



a. CO; = —j= = , = 250 rad/s 

VLC V 1 H )( 16 /" F ) 

/.= ^ = ^^ = 39.79 Hz 

2;r 2;r 

b. co s = ; 1 = 3535.53 rad/s 

V(0.5H)(0.16//F) 

. <y, 3535.53 rad/s _ „ ^ , , 
^= — = =562.7 Hz 

2;r 2;r 



co s = , = 21,880 rad/s 

V(0.28 mH)(7.46//F) 

/ ^ = 21,880rad/s = 3482J1Hz 
2;r 2;r 

X C = 30Q b. Z r = 10Q c. /= ^ = ^=5mA 



Z T 10 Q 



d. Kj8 = /^ = (5mA)(10n) = 50mV = £ 

= ZSTi = (5 mA)(30 fi) = 150 mV 
V c = IX C = (5 mA)(30 Q) = 150 mV 

V L =V C 

e. Q s = — = ^^-=3(lowg) f. i> = / 2 i? = (5 mA) 2 10Q = 0.25mW 

ion 

a. Xi = 40 Q 

, T E 20 mV 

b. /= = = 10 mA 



V R = IR = (10 mA)(2 Q) = 20 mV = £ 
V L = IX L = (\0 mA)(40 Q) = 400 mV 
F c = IX C = (10 mA)(40 Q) = 400 mV 

V L = V c = 20 V r 



d. &=^ = ^=20(highQ) 



X L = 2nfL,L = -j^= 40Q =1.27mH 
2*/ 2^(5 kHz) 

X c = — — , C= = = 795.77 nF 

2nfC In fX c 2tv{5 kHz)(40 Q.) 
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BW= A = ^^ = 250 Hz 
O 20 



20 

r r BW citt 0.25kHz _„.„ 
g. /2 =/ 5 + —j-= 5 kHz + =5.13 kHz 

. . BW 0.25 kHz .„„.„ 
/i = f s = 5 kHz = 4.88 kHz 

J J 2 2 



4. 



b. 



d. 
e. 



1 



2n4LC 



=> L = 



(2nf s ) 2 C (2n 1.8 kHz) 2 2 //F 



3.91 mH 



X L = 2?r/L = 2tt(1.8 kHz)(3.91 mH) = 44.2 D. 

X c = —^— = = 44.2 D. 

2nfC 2^(1.8 kHz)(2//F) 

X L = Xc 

E ms = (0.707)(20 mV) = 14.14 mV 
/ m = ^= 14 - 14mV = 3.01mA 



R 



4.7 Q. 



P = I 2 R = (3.01 mA) 2 4.7 Q = 42.58 jiW 
S T = P T = 42.58 jiVA 

^ _ Xl_44.2Q 



7? 4.7 Q. 
Q s 9.4 



= 9.4 
= 191.49 Hz 



h. 



/2 = 



J_ 
2;r 

J_ 
2n 



R 1 



2L 2\KL 
4.7 Q 



4 

Zc 



4.7 D. 



2(3.91 mH) 2^3.91mH 
— r601.02 + 1 1.324 x 10 3 1 

'77- L J 



(3.91mH)(2//F) 



2;r 

1897.93 Hz 



l 

2n 



2L 2VUy 



\2 



4 



= — r-60 1 .02 + 1 1 .324 x 1 0 3 1 
2;r L J 

= 1.71 kHz 

^hpf = ^max = | (42.58 nW) = 21.29 fiW 
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5. a. 
b. 

c. 
d. 

6. a. 

b. 

c. 

d. 

e. 

7. a. 
b. 
c. 

268 



BW=fJQ s = 6000 Hz/ 15 = 400 Hz 



5ff 

/ 2 =f + — = 6000 Hz + 200 Hz = 6200 Hz 
BW 

fx =f s - — = 6000 Hz - 200 Hz = 5800 Hz 



Q s = *± => X L = &7? = (15)(3 Q) = 45 Q = X C 



^hpf = ^max = | (^) = | (0.5 A) 2 3Q = 375 mW 



X, 200 Q „,„, TT 

L= — ^ = ^ =3.185 mH 

2^/ 2^(1 0 4 Hz) 

BW= — = — =250 Hz 

2^-L 2^(3.1 85 mH) 

5Q g 40 



/ 2 =/, + BW/2 = 10,000 Hz + 250 Hz/2 = 10,125 Hz 
fx =f s -BW/2= 10,000 Hz - 125 Hz = 9,875 Hz 



a= X, = 200Q = 40 
R 5Q. 



F /0° 30 V /0° 
I = = = 6 A Z0°, Vi = (/ ZO°)(X L Z90°) 

i?ZO° 5QZ0° 

= (6 A Z0°)(200 Q Z90°) 
= 1200 V Z90° 
V c = (/ ZO°)(X c Z-90°) = 1200 V Z-90° 

P = I 2 R = (6 A) 2 5 D. = 180 W 

BW= ^=> =f s IBW= 2000 Hz/200 Hz = 10 

2.s 



g, = ^ => = &fl = (10X2 n) = 20 fi 



2k f (6.28)(2kHz) 

C= — - — = =3.98 fiF 

2nfX c (6.28)(2kHz)(20Q) 
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d. f 2 =f s + BW/2 = 2000 Hz + 100 Hz = 2100 Hz 
fx =f -BW/2 = 2000 Hz - 100 Hz = 1900 Hz 

8. a. BW= 6000 Hz -5400 Hz = 600 Hz 

b. BW=fJQ s =>£ = Q S BW= (9.5)(600 Hz) = 5700 Hz 

c. Q S =^-^X L = X C = Q S R = (9.5X2 Q) = 19 n 

R 

d. L=i = — = 0.53mH 

2nf 2^(5700 Hz) 

C= = =1.47 uF 

2;r/Z c 2^(5.7 kHz)(19Q) 

9. / M = — =>/? = — = = 10fl 

I M 500 mA 

BW=fJQ s => g s =f s IBW= 8400 Hz/120 Hz = 70 
= — => X L = Q S R = (70X10 O) = 700 Q 

X c = Xi = 700Q 

X, 700Q __ 

L = — =- = = 13.26 mH 

2nf (2jt)(8.4kHz) 

C= = = 27.07 nF 

2nfX c (2jt)(8.4kHz)(0.7kQ) 

f 2 =f + BW/2 = 8400 Hz + 120 Hz/2 = 8460 Hz 
fx =f s -BW/2 = 8400 Hz - 60 Hz = 8340 Hz 

10. &= ^->X i = &7? = 20(2Q) = 40Q = X c 

R 

BW= £-=>/, = Q S BW= (20)(400 Hz) = 8 kHz 

Qs 

L= JU = 40Q = 795.77 ^H 

2*/ 2^(8 kHz) 

C= = = 497.36 nF 

2n fX c 2tt(S kHz)(40 fi) 

fi =fs + BW/2 = 8000 Hz + 400 Hz/2 = 8200 Hz 
fx =f -BW/2 = 8000 Hz - 200 Hz = 7800 Hz 

,1 f m s 2;rxio 6 rad/s , 

11. a. f s = —2- = = 1 MHz 

2;r 2;r 

b. AzA= o.l6 =>BW=f 2 -fi = 0.16/, = 0.16(1 MHz) = 160 kHz 
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R 



20 W 



BW= 



f,= 



R 
2nL 
1 



R 



720 D. 



2/rJLC 



C = 



IrtBW (6.28)(160kHz) 
1 1 



0.716 mH 



% 2 / s 2 L 4^ 2 (l0 6 Hz) z (0.716mH) 



= 35.38 pF 



d. 



() = : - = SO >R V X > 2 ' T/;/ - - 2 ' T(1 °" Hz)(0.716 mH) 



Xl 
Rt 



80 80 



80 



= 56.23 Q 



12. a. 



= X, _ 2;r/L _ 2?r(lMHz)(100 //H) _ 5Q 2? Q 



/ 2 -/i_ 1 _ 



12.5 



0.2 



1 X L _ 2nfL _ 2;r(l MHz)(100 //H) _ 628.32 Q 

0.2 R R R R 

5 

R = Rd+ R f , 

125.66 fi = 7? rf + 50.27 Q 

and = 125.66 Q - 50.27 Q = 75.39 



1 



2^/C 



C = 



1 



1 



2nfX c 2;r(lMHz)(628.32Q) 



253.3 pF 



13. a. 
b. 



f p - 



2k4lC 2^(0. lmH)(10nF) 



= 159.16 kHz 



1 



l(T)2mA^2kQ z = 0 ° a+ v c = 4V 
? 



V, 4 V 4 V 



X L 2^r/ p L 100Q 



= 40 mA 



j _ V L 

ic — 



4V 4V 



X c M2nf p C 100Q 



= 40 mA 
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R 2kQ 2kQ 
d. Q P = —= =^-^-=20 
X L 2nf p L 100Q 



14. a. /,= = = . = 41.09 kHz 

2n4LC 2^(0.5 mH)(30 nF) 

b. ft 2^(4L09kHz)(0^ mH ) _ 

c. Since Q t > 10, f p =f s = 41.09 kHz 

d. X L = 2nfpL = 271(41.09 kHz)(0.5 mH) = 129.1 Q. 

X c = — - — = = 129.1 Q. 

2nf p C 2^(41.09 kHz)(30nF) 

Xl — Xc 

e. Z Tp = Q(R ( = (16.14) 2 8Q = 2.084 kQ 

f- V c = IZ T = (10 mA)(2.084 kQ) = 20.84 V 

g. a>10, Q p =Q t =16.14 
_4 

Q P ~ 16-14 
h=Ic= Q e I T =(16.14)(10mA) = 161.4 mA 



BW= f^ = 41.09 kHz = 2545j85Hz 



15. a. /,= = = j = 11,253.95 Hz 

2n4LC 2^(0. lmH)(2//F) 



= 2^ 2.(ll,253.95Hz)(0.1mH) = 

f R t R e AO. 1 



c. f P =fsJl-—= 11,253.95 Hz Jl- (4Q) 2 / " F = 11,253.95 Hz(0.825) 



0.1 mH 

= 9,280.24 Hz 



11,253.95 Hz Jl-i 



(4 n) 2 2//F 



O.lmH 

= 1 1,253.95 Hz(0.996) = 10,794.41 Hz 



CHAPTER 20 



271 



e. 
f. 

g- 
h. 

16. a. 

b. 
c. 

d. 

272 



X L = InfpL = 2ti(9,280.24 Hz)(0.1 mH) = 5.83 Q 

j£ _ 1 = \ = g Q 

C 2nf p C 2^(9,280.24 Hz)(2//F) 

Xl ^ Xc> Xc > Xi 



Z T —R S \\R P — R s 



f R 2 t + xl " 
v Re 



^ + xi _ (4Q) 2 +(5.83 Q) 2 _ U 5 Q 
R e 4Q 



V c = /Z rp =(2mA)(12.5 Q) = 25 mV 

Sta.4-.oa ft - a - ^ = ^ = 2.(9.280.24 HzXO.lmH) _ ^ 

tfi Re 4Q 



e„ i-46 



Vc 25 mV t 
I c = — = = 2.92 mA 

Ic 8.57 n 



= F £ F c 25 mV _ 25 mV 

1 Z R _ L R f +jX L 4Q + y5.83Q 7.07 Q 



a .i.ioon. jS10 

7? L 20 Q 

• jj* - 1 ^ Y ~ ^ 2+ ^ 2 - ( 20 ^) 2+ ( l00 ^) 2 - l01Q 
" tf 2 +X 2 X c C X L 100Q 



Zr = Rs || ^ = ^ || M±Zl = 1000 n || 10 ' 400Q = 342.11 n 

Rf 20 



E= IZ rp = (5mAZ0°)(342.11 QZ0°)= 1.711 V Z0° 

E 1.711 VZ0° .... /Qft0 
I c = = = 16.45 mA Z90° 

X c Z-90° 104QZ-90 0 

Z L = 20 D. + ylOO Q = 101.98 Q Z78.69° 

_e _ uuvzo; _ mA 

Zl 101.98 fiZ78.69° 



z= J^ = _L00Q_ =79 
2tt/ 2^(20 kHz) 

1 1 76.52 nF 



2nfX c 2k(20 kHz)( 1 04 Q) 
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e- Q P 



17. a. 



R _ 342.1 1Q 
X r 104 Q 



3.29 



BW=f p IQ p = 20,000 Hz/3.29 = 6079.03 Hz 
X 30 Q 

g^, = — - = = 1 5 (use approximate approach) : X c = X L = 30 Q. 

R t 2 Q 



b. Z T =R S \\ Q 2 ( Rf = 450 Q. \\ (15) 2 2Q = 450 Q. \\ 450 Q = 225 Q. 



E = I Z r = (80 mA Z0°)(225 Q Z0°) = 18 V Z0° 



E 



18VZ0 C 



X c Z-90° 30QZ-90 0 



0.6 A Z90° 



E 



18VZ0 0 



18VZ0 0 



Zr-l 2Q + y30Q 30.07QZ86.19 0 



= 0.6 A Z-86.19 0 



d. X L = InfpL, L ■ 



X L 



30 D. 



2nf p 2^(20 xlO 3 Hz) 



= 0.239 mH 



Xr = 



, c 



2nf p C 2nf p X c 2^(20 x 10 J Hz)(30Q) 



= 265.26 nF 



z t 225 Q 



/„ _ 20,000 Hz 



■ = 7.5, BW= = " = 2.67 kHz 

- P X, 30 n <9 7.5 



18. a. 



102.73 kHz 



2n4LC 2^(80 //H)(0.03//F) 

kHz Jl- (L5Q > 2Q - Q3 ^ F = 102.73 kHz(.99958) 
\ 80 //H 



102.73 



= 102.69 kHz 

= 102.73 kHz(0.99989) = 102.72 kHz 



Since/, =/ m ^> high Q p 

X L = 2nfpL = 2tt(102.69 kHz)(80 /M) = 51.62 Q 

X c = — = = 51.66 Q 

2nf p C 2^(102.69 kHz)(0.03//F) 

X L = Xc 
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c. Z T — R s || Q^Rf 

^5L62Q^ 3441 

1 R, 1.5 n 

Z r? = 10kQ||(34.41) 2 1.5Q = 10kQ||1.776kQ = 1.51 kQ 
^ _ Rs\\Q)R f _z Tp _\.5\kn 



X L X l 51.62Q 
g _ 102.69 k! 
e7~ 29.25 



29.25 



BW= f^ = 102.69 kHz^^^ 



e. Z r = ^ = IQkQ(lOmA) = g ^ ^ 

R s + Q e Re 10kQ + 1.78kQ 
7 c = /i = = (34.41)(8.49 mA) = 292.14 mA 

f. V c = IZ T = (10mA)(1.51 kQ) = 15.1 V 



19. a. / s = = = j = 7.12 kHz 

2WLC 2x^(0.5 mH)(l//F) 

/p =/^ 1 -^ = 7 - 12 kHz ^l- (8 "g^^ = 7 - 12 kHz(0.9338) = 6.65 kHz 



/m=/Jl-T 



^ 2 c 



7.12 kHz 11 -i 



(8 0) 2 (1//F) 



0.5 mH 



= 7.12 kHz (0.9839) 
= 7.01 kHz 

Low Q p 

b. X L = InfpL = 2tt(6.647 kHz)(0.5 mH) = 20.88 Q 

X c = — -— = = 23.94 Q 

2nfC 2^(6.647 kHz)(l //F) 

X c >X L (lowQ) 

c. Z r = R, || ^ = R, || M±Zl= 5 oo Q || + (20.88 Q) 2 = 

= 55.56 Q 

4 ,, 2.32 

X, 23.94 D. 

BW= £_ = 6.647 kHz = 28?kHz 
2 P 2.32 



274 



CHAPTER 20 



e. One method: V c = IZ Tp = (40 mA)(55.56 Q) = 2.22 V 

V r 2.22 V 

I c = = — = 92.73 mA 

X c 23.94 Q 

\V r \ 2 22 V 2 22 V 

I L = -. — L-^ — , = . , = = 99.28 mA 

\Rt + jX L \ |8 + y20.88| 22.36 Q 

f. V c = 2.22 V 



n2 i i^-2 

20. a. Z r = ^=50kQ 



(50 Q) + XI = (50 kQ)(50 Q) 

Si 



X L = V250xl0 4 -2.5xl0 3 = 1580.3 Q 



b. g= ^ = 15803 = 31.61 > 10 
R e 50 

.-. X C = X L = 1580.3 



c. = 2^L =>£ = -i = 1580-3 - = 15.72 kHz 

^ P 2^-L 2jt(16mH) 



d. X c = — - — => C = = =6.4nF 

2nf p C 2nf s X c 2^(15.72 kHz)(1580.3 Q) 



21. a. a =20> 10 :.f P =f s = == = , = 3558.81 Hz 

2^-VZc 2^(200 mH)(10nF) 



b. ft = ^ = ^^ 2^ = 2.(3558.81Hz)(0.2H) = m61 Q 

* * Q 20 

Z r? = 7?J 7?^ = 7?J Q)R, =40kQ || (20) 2 223.61 D. 
Z T = 27.64 kQ 

V c = IZ Tp = (5 mA)(27.64 kfi) = 138.2 V 

c. P = / 2 ^ = (5mA) 2 27.64kQ = 691 mW 



., R R S \\R P 27.64kQ 

LA, 0.18 

X L X L 2^(3558.81 Hz)(0.2H) 



BW= ^= 3558 - 81Hz = 575.86Hz 
fi„ 6.18 
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22. a. Ratio ofX c to R e suggests high Q system. 
. . X L = 400Q=X C 



* ^ 8Q 



_ 20kQ||(50) 2 : 
Xi Xi Xl 400 Q 400 Q 



R _ R s II R p _ R s || Q)R, _ 20 kQ || (50) 2 8 Q _ 10 kQ _ ^ 



W= ^-=>f p = QpBW= (25)(1000 Hz) = 25 kHz 

Q P 

d. v c = iz t = (0. 1 mA)(10 kQ) = 1 V 



1 kHz 

e. / 2 =^ + £^/2 = 25kHz+ -^— = 25.5 kHz 

1 kH7 

/] = /p - 5072 = 25 kHz = 24.5 kHz 



23. a. X c = — +Xl => X 2 -X.X C + 7?« 2 = 0 



X 2 - 100 X.+ 144 = 0 



X 



-I ■ 



-(-100) + V(100) 2 -4(1)(144) 



= 50Q± 576 = 50 Q± 48.54 Q 

2 

X. = 98.54 Q or 1.46 Q 



X z 98.54 Q 



b. 6/ = — = — =8.21 

r ( 12 n 

40kQ||*^ (120)^540^ 

P X ip X c 100Q 

= 40knH821.18Q _ 804.66n _ 
100 Q 100 Q 

BW=f p IQ p ^f p = gpflJT- (8.05X1 kHz) = 8.05 kHz 

d. V Cm = IZ T = (6 mA)(804.66 Q) = 4.83 V 

1 kH7 

e. f 2 =f p + BW/2 = 8.05 kHz + — ^— =8.55 kHz 

1 kH7 

fi=f P - BW/2 = 8.05 kHz = 7.55 kHz 
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24. a. /, 



2n4LC 2^(0.5 mH)(30nF) 



41.09 kHz 



R,C 



(6Q) 2 30nF 



fp=fs^- 1 j- = 41.09 kHz Jl - v " ^ = 41 .09 kHz(0.9978) = 41 kHz 



7m fs J\ ' 



High o, 



i 



= 41.09 kHz 1- 



1 



(6Q) 2 (30nF) 
0.5 mH 



= 41.09 kHz(0.0995) 
= 41.07 kHz 



80VZ0° 
20kQZ0° 



4 mA Z0°, R s = 20 kQ 



_ X L 2nfL 2n(A\ kHz)(0.5mH) ... 
0, = — = — — = — = 21.47 (high Q coil) 



Ri Ri 



6Q 



Rs\\R P _ R f _ 6Q 



X, 



Rt + Xl 
Xl 



(6Q) 2 + (128.81Q) 2 



20kQ||2.771kQ 2.434kQ 



129.09 Q 



129.09 Q 



128.81Q 



18.86 (high Q p ) 



Z T = R s || = 20 kQ || 2.771 kQ = 2.43 kQ 



d. V c = IZ T = (4 mA)(2.43 kQ) = 9.74 V 



BW= A = HJ^ 

0„ 18.86 



= 2.17 kHz 



f. X c = 



1 



1 



2nfC 2n{A\ kHz)(30nF) 



= 129.39 Q 



j — c 

lc 



V r 9.736 V 



X c 129.39 Q 

Vc _ 



= 75.25 mA 

9.736 V 9.736 V 



\R + jX L \ 6Q + yl28.81Q 128.95Q 



75.50 mA 



25. Q t = 



R, 



2k fL _ 2nf p L 2^(20 kHz)(2 mH) 

=> Re 



R, 



80 



= 3.14Q 



BW= fp/Qp => Q p =f v IBW= 20 kHz/1. 8 kHz = 11.11 
Highg- f p =f s = -Jj= — - = 4 ^ 2(2Q - ^ 



31.66 nF 



'P — 



' p 

11.11 



r> Q 

\ = =>R = QJC C = — 

^ P Xc 2xf p C 2;r(20kHz)(31.66nF) 



2.79 kQ 
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R p = Q]R t = (80) 2 3.14 n = 20.1 kQ 

+ 20. lkfi- 2.793 kD 

18V 

26. F r =7Z r => Z r = -b=_ = = 9kQ 

" ' 7 0.2 mA 

P X L X L X L Q p 30 

f 

BW= ^-^>f p = QfiW= (30)(500 Hz) = 15 kHz 

L-*^- 300Q =3.18 -H 
2*/ 2^(15 kHz) 

C= — - — = = 35.37 nF 

2npC c 2n{\5 kHz)(3 00 Q) 

Q p = Q e (R s = oo Q) = ^ => ^ = = = 10 Q 

^ y 30 



27. a. /,= = = =251.65 kHz 

2n4LC 2^(200 //H)(2nF) 

= 2^(251.65 kHz)(200//H) _ 15 §J ^ 1Q 

^ 20Q 

.-. j£ =f s = 251.65 kHz 

b. Z T =R S || g2^ = 40kQ || (15.81) 2 20 Q = 4.44kQ 
„ _ II fi^/_ 4.444 Ml 



X L 31 6.23 Q 



14.05 



d BW= ^ = 251.65kHz = 1791 kH/ 
P„ 14.05 



20 uH, 20 nF 

f„ the same since product LC the same 
/, = 251.65 kHz 

_ X, _ 2;r(251.65kHz)(20//H) _ t ^ 
' ^ 20 Q 

Low g(, : 



= (251.65 kHz)(0.775) = 194.93 kHz 
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X L = InfpL = 2tt( 194.93 kHz)(20 liH) = 24.496 Q 
R _ R] + X 2 L _ (20 Q) 2 + (24.496 Q) 2 _ 5Q Q 
" R 20 £2 

Z r = II R„ = 40 kQ II 50 Q = 49.94 Q 

R 49.94 n 
P X L 24.496 Q 
BW= f JL= 194.93 kHz ^ 95-55kHz 
2 0 2.04 



g- 



0.4 mH, 1 nF 

f s = 25 1 .65 kHz since LC product the same 
^ = 2^251.65kHzX0.4mH) 
R t 20 Q 

:. f p =f s = 251.65 kHz 

Z T = R * II 2/ 2 ^i = 40 kQ || (31.62) 2 20 Q = 40 kQ || (= 20 kQ) = 13.33 kQ 



^ II Qt R t - 13 - 33 kQ 



g s_»~t L =^^L = 21.08 

X z 632.47 Q 

DTJ7 /„ 251.65kHz iift/11 „ 
— ^- = = 11.94 kHz 

Q P 21.08 

Network - = ^^= 100 xlO 3 

C 2nF 

. L 20 //H , , 
part(e) — = — t —- = 1 x 10 
C 20nF 

part(Q^ = ^i=400 xl0 3 

C 1 nF 

h. Yes, as —ratio increased B ^decreased. 
C 

Also, V p = 1Z T and for a fixed /, Z T and therefore V„ will increase with increase in the 

p p 

L/C ratio. 
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left: di= — " = 0.1875", d 2 = 1" 
16 

Valuer 10 3 xl0 0 ' 187571 " 
= 10 3 x 1.54 
= 1.54 kHz 

1 " = 0.75", d 2 = 1" 

0.7571" 



right: d\ 



Value = 10 3 x 10' 
= 10 3 x 5.623 
= 5.62 kHz 



4. 
5. 



bottom: 



top: 



a. 5 
e. 1.30 
1000 
10 10 
11.51 



a 



e. 



a 



rfi = — " = 0.3125", d 2 = — " = 0.9375" 



16 



16 



Value = 10 1 x i 0 °- 3125 " /0 - 9375 " = 10 1 x 10 0333 



= 10 _1 x 2.153 
= 0.22 V 

" = 0.6875", d 2 = 0.9375" 



n 

\6 



Value = 10 1 x 10 0 - 68 ™ 75 " = 10 1 x 10 0720 



= 10~' x 5.248 
= 0.52 V 



b. 



-4 
f. 3.94 
b. 10 12 
f. 1513.56 
b. -9.21 



logio 48 = 1.68 

logio 8 + logio 6 = 0.903 + 0.778 = 1.68 
logio 0.2 = -0.699 

logio 18 - logio 90 = 1.255 - 1.954 = -0.699 

logio 0.5 = -0.30 

-logio 2 = -(0.301) = -0.30 

logio 27 = 1.43 

3 logio 3 = 3(0.4771) = 1.43 



c. 8 

g- 4.75 
c. 1.59 
g. 10.02 

c. 2.996 



d. -6 
h. -0.498 
d. 1.1 

h. 1,258,925.41 
d. 9.07 
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, , , p ? , 280 mW , „ rt , or 
9. a. bels = logio -f = logio — — 7— = logio 70 = 1.85 

P x 4mW 

b. dB = 10 logio — = 10(logio 70) = 10(1.845) = 18.45 



10. dB = 10 logio F 



Pi 

6dB^101ogio^ 
Pi 

0.6 = logio x 

100 W 



x = 3.981 



Pi 



^ = 25.12 W 

3.981 



P 40 W 

11. dB= 10 logio — = 10 logio -^-= 101og 10 20 = 13.01 

2W 



12. dB m = 10 logio ' ' 



lmW 



dB m = 10 logio 120 mW = 10 logio 120 = 20.79 
1 mW 



13. dB v = 20 logio ^- = 20 logio = 20 log 10 84 = 38.49 



14. dB u = 20 logio — 

22 = 20 logio V ° 

20 mV 

1.1 = logio x 

V 

x= 12.589 : 



20 mV 
V 0 = 251.79 mV 



15. dB s = 20 logio 



0.0002 //bar 

,t^ ™, 0.001//bar 

dB 5 = 20 logio = 13.98 

0.0002 //bar 

,^ ™, 0.016//bar 

dB v = 20 logio = 38.06 

0.0002 //bar 

Increase = 24.08 dB, 
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16. 60 dB s => 90 dB. s 
quiet loud 



60 dB s = 20 logm - nn f ' - = 20 log ia x 
0.002 //bar 

3 = logiox 
x = 1000 

90 dB s = 20 logic— = 20 \og l0 y 
0.002 //bar 



4.5 = logioj 

2: 

i 3 



j = 31.623 xlO 3 



x 



0.002 ^ _ ^ _ 



P2 P 2 31.623x>^ 

0.002 ^bSr 

and P 2 = 31.62 P, 



18. a. 8dB = 201og 



V, 



10 



2 



0.775 V 



0.4 = log 



10 



2 



0.775 V 



=■ — =2.512 



0.775 V 

V 2 = (2.512)(0.775 V) = 1.947 V 
600 Q 



-5 dB = 20 log 



10" 



2 



-0.25 = log - 1 



0.775 V 

10" 



0.775 V 



V 

-=—=0.562 



0.775 V 

F 2 = (0.562)(0.775 V) = 0.436 V 
Kj. (0.436 V)^ 032mW 
7? 600 Q 



19. a. A = — = ■ X ° Z-90° + tan" 1 X c /tf = 



Z-tan^ 1 RIX C 



\ X c j 



+ 1 



f c = — — = = 3617.16 Hz 

ItcRC 2^(2.2 kQ)(0.02//F) 

f=U A v = ^=0.707 

/= 0. l/ c : At/ C , X c = R = 2.2 kQ 
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f=0.5f c =-f c 



f=2f c : 



f= We- 



Xr = 



Xr 



1 



1 



1 



A n = 



2k fC 2x0 A f c C 0.1 
1 1 



2nf c C 



= 10[2.2kQ] = 22kQ 
! = 0.995 



f R " 


2 


If 2.2kQ^ 


+ 1 




\ X c J 


^22kfi J 



2 +1 Vci?+i 



2 r/ e 



i 



= 2 



C 



2^/ c C 



2[2.2kQ] = 4.4kQ 



1 



jr 2.2kQ V >.5) 2 + l 
I 4.4kQ J 



0.894 



1 



1 



1 



1 



1 



2^(2/ c )C 2 
1 

jr 2.2kQ V J(2) 2 + l 
Vu.lkfi J 



[2.2kQ]= 1.1 kQ 



0.447 



1 



1 



2x(10 f c )C 10 
1 



1 



2nf c C 



1 



=— [2.2 knl = 0.22 kD. 
10 L J 



1 



If 2.2kQ V + 1 V( 10 ) 2 + 1 
II 0.22 kQ J 



0.0995 



9 = -tan" 1 R/X c 
f=U 



9 = -tan" 1 = -45° 



f= 0.1/1: 6 = -tan 1 2.2 kQ/22 kQ. = -tan" 1 — = -5.71° 

/= 0.5/ c : 0 = -tan" 1 2.2 kQ/4.4 kD. = -tan" 1 1 = -26.57° 

/= 2f c : 9 = -tan" 1 2.2 kfi/1 .1 kQ = -tan" 1 2 = -63.43° 

/= 1 0f c : 9 = -tan" 1 2.2 kQ/0.22 kQ = -tan" 1 1 0 = -84.29° 



20. a. f c = 



1 



1 



2xRC 2;r(lkQ)(0.01//F) 
f=2f c = 31.83 kHz 

x,= 1 1 



-^11 



2^/C 2^(31.83 kHz)(0.01//F) 
1c 500Q 



15.915 kHz 



= 500Q 



^ ^R 2 + X 2 C N /(lkQ) 2 +(0.5kQ) 2 
F 0 = 0.4472 F, = 0.4472(10 mV) = 4.47 mV 



; 0.4472 
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b. /=—/= — (15,915 kHz) = 1.5915 kHz 
10 10 



1 



1 



2nfC 2x(l .59 1 5 kHz)(0.0 1 p F) 
X c 10kQ 



21. / c = 500Hz = 
1 



V i ^R 2 + X 2 c 7( lkQ ) 2 + ( 10kQ ) 
F 0 = 0.995 F, = 0.995(10 mV) = 9.95 mV 

Yes, at/=/ c , F 0 = 7.07 mV 

atf= ^/ c , F 0 = 9.95 mV (much higher) 

at/= 2/ c , F 0 = 4.47 mV (much lower) 

1 1 



= io kn 

= 0.995 



2^C 2;r(1.2kQ)C 
1 



A =^ = 



2^/ c 2;r(1.2kQ)(500Hz) 
1 



0.265 jiF 



+ 1 



At/= 250 Hz, X c = 2402.33 Q and A = 0.895 
At/= 1000 Hz, X c = 600.58 Q and A v = 0.4475 
# = -tan l R/X c 



= 250 Hz 


= -/« 5 = -26.54° 
2 




= 1 kHz = 


2/ c , # = -63.41° 




'A, 


0.895 






— -0- 707 

^\ 0.4475 




100 Hz 


f c 1 kHz 


10 kHz 1 



■0 

100, Hz 


f c 1 kHz 






-^26.54° 


10 kHz * 




^^\-45° 






^\^63.41° 
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22. a. f c = 



1 



1 



ItvRC 2;r(4.7kQ)(500pF) 



= 67.73 kHz 



/=0.1/ c = 0.1(67.726 kHz) ^6.773 kHz 
X c = — *— = 46.99 kQ 



2nfC 2^(6.773 kHz)(500pF) 

Xc 46.997 kQ 



v i ^R 2 +X 2 C ^(4JkQ) 2 + (46.997 kQ) 2 



= 0.995 = 1 



/= 10/; = 677.26 kHz 



1 



A = -°- = 



2nfC 2^(677.26 kHz)(500pF) 
K Xc 470 Q 



Vt ^R 2 +X 2 -^(4.7 kQ) 2 + (470 Q) 



470 Q 

= 0.0995 =0.1 



V, 



Xc 



-^ = 0.01 = , 



V^ + Xc = ^=100X c 

tf 2 + X 2 = \0 4 X 2 

R 2 = 10 4 X 2 - X 2 = 9,999 Xc 

V9,999 99.995 



2;r/C 



=>/= 



1 



1 



2^-XcC 2^(47 Q)(500pF) 



= 6.77 MHz 



23. a. A,= 



R 



1 



ZtaiT 1 X c /i? = 



1 



1 



ZtaiT 1 X c /R 



11+1 f 



/=/*: 
/=2/ c : 



2nRC 2^(2.2 kQ)(20 nF) 
A = — = 0.707 

r, 

At f c , X C = R = 2.2 kQ 

1 



= 3.62 kHz 



1 



A v 



2nfC 2n{2f c )C 2\2nf c C 
1 = 0.894 



[2.2kQ]= 1.1 kQ 



1- 



l.lkQ 
2.2 kQ 
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/= - 2 u 



f= We' 



f lQ fc. 



A v — 

Ax, ~ 

A,.. - 



2n 



fc 



= 2 



C 



2nf c C 



= 2[2.2kQ] = 4.4kQ 



1 



= 0.447 



1 + 



^ 4.4 kQ V 
1 1 



2n(\Qf c )C 10 
1 



1 



1 + 



( 0.22 kQ 



\ 2 



2nf c C_ 
= 0.995 



2.2 kQ 
10 



= 0.22 kQ 



1^ 2.2 kQ 
1 



Uo 



10 



c 



1 



2nf c C 



= 0.0995 



10[2.2kQ] = 22kQ 



1 + 



22 kQ 
2.2 kQ 



b. 



f=fc, 

f=2fc 

f= ~fc 
f= Wc, 
f= ~fc, 



(9 = 45° 

6 = tan 1 (X c /R) = tan 1 1.1 kQ/2.2 kQ = tan" 1 -= 26.57° 

2 

. 4.4 kQ _, „ ^„ „„„ 

9 = tan 1 = tan 1 2 = 63.43° 

2.2 kQ 

0 = tan" 1 *22kO = 5.71- 
2.2kQ 

4 22 kQ 



1 = tan 



2.2 kQ 



= 84.29 c 



24. a. f=f c : A =^=0.707 



1 



1 



2^C 2^(10 kQ)(l 000 pF) 



-= 15.915 kHz 



/= 4f c = 4(15.915 kHz) = 63.66 kHz 

x c = 1 



2nfC 2^-(63.66kHz)(1000pF) 
V„ R lOkQ 



-=2.5kQ 



v i ^R 2 + X 2 C A /(10kQ) 2 +(2.5kQ) 2 



0.970 (significant rise) 
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/= 100/;= 100(15.915 kHz) = 1591.5 kHz = 1.592 MHz 

x c = 1 



InfC 2^(1.592MHz)(1000pF) 
R lOkQ 



^R 2 + X 2 C 7( 10kQ ) 2 + ("- 972Q ) 



At f=f c , V„= 0.707 V, = 0.707(10 mV) = 7.07 mV 



= 99.972 Q 

0.99995 = 1 



_ ^_(7.07mV) 2 



R 



lOkQ 



5nW 



25. 



v, 
l 



Ztan 1 X C IR 



X, 



c 

R j 



l 



l 



fc= => R 

2nRC 2nf c C 2^2kHz)(0.1 //F) 

R = 795.77 Q. => 750 Q + 47 Q. = 797 Q 



795.77 Q 



•/c 



1 



2^(797 Q)(0.1//F) 



nominal values 

1996.93 Hz using nominal values 



At /= 1 kHz, A = 0.458 
/= 4 kHz, A v = 0.9 



9 = tan 



/= 1 kHz, # = 63.4° 
/= 4 kHz, 0 = 26.53° 




100 Hz 



1 kHz f c 4 kHz 
(1996.93 Hz) 



10 kHz f(log scale) 
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26. a. f c = — — = =79.58 kHz 

2nRC 2^(100 kQ)(20pF) 

b. /= 0.01/ c = 0.01(79.577 kHz) = 0.7958 kHz s 796 Hz 

X c = —^— = = 9.997 MQ 

2nfC 2^-(796Hz)(20pF) 

A v = — = = =- 10 ° kQ =0.01 S 0 

Vi ^R 2 + X 2 c 7(100 kQ) 2 + (9.997 MQ) 2 

c. /= 100/; = 100(79.577 kHz) s 7.96 MHz 

X c = — *— = = 999.72 Q. 

2nfC 2^(7.96 MHz)(20pF) 

A.-Z—*—, 'SB = 0.99995 , 1 

v i ^R 2 + X 2 C V(100kQ) 2 + (999.72 Q) 2 

d. A=— = 0.5 = - A> 



c 



^ ^ 2 +X 2 

Ji? 2 + X 2 =27? 
7? 2 + X 2 = 47? 2 



X^ = 47?' - ff 8 = 37?" 



X c = yJlR 2 =J3R = ^[3 (100 kQ) = 173.2 kQ 



2;r/C 2;rX c C 2^(173.2 kQ)(20pF) 

/= 45.95 kHz 

27. a. low-pass section: f= — - — = = 795.77 Hz 

C| 2nRC 2^(0.1 kQ)(2//F) 

high-pass section: /" = — - — = = 1989.44 Hz 

C2 2nRC 2^(10 kQ)(8nF) 

For the analysis to follow, it is assumed (R 2 + jX Cj ) || i?i = i?i for all frequencies of 
interest. 

At f = 795.77 Hz: 
V Ri = 0.707 V, 

X r = — - — =25kQ 
c * 2nfC 2 

25kQ(^) 
\V 0 \= 1 = 0.9285 V R 

7(10kQ) 2 + (25kQ) 2 
V 0 = (0.9285)(0.707 Vi) = 0.66 V; 
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At f c = 1989.44 Hz: 
V Q = 0.707 K„ 



= 40Q 

2nfC x 

RjVi loo n^; 



= 0.928 K, 



Jltf+Xl ,J(100Q) 2 +(40Q) 2 
(0.707)(0.928 K<) = 0.66 F,- 



At/= 795.77 Hz + 



(1989.44 Hz -795.77 Hz) 
2 



= 1392.60 Hz 



X Cl = 57. 14 n, J C2 = 14.29 kQ 
7/ |_ 100 Q(^) 



= 0.868 Vi 




= 0.8193 K, 



J(10kQ) 2 + (14.29 kQ) 2 

F 0 = 0.8193(0.868 F,) = 0.71F,- 

and A = — = 0.71 (= maximum value) 

After plotting the points it was determined that the gain should also be determined at 
/= 500 Hz and 4 kHz: 

/= 500 Hz: X Q = 159.15 Q, X Cj = 39.8 kfi, 



/= 4 kHz: 



V R] = 0.532 F,, F 0 = 0.97 V R< 
V 0 = 0.52 Vi 

X Q = 19.89 n, X Q =4.97kH, 
^ = 0.981 V h V 0 = 0.445 ^ 
F 0 = 0.44 



b. 



Using 0.707(.71 1) = 0.5026 = 0.5 to define the bandwidth 
BW= 3.4 kHz - 0.49 kHz = 2.91 kHz 
and BW = 2.9 kHz 



( 2 9 kH7 i 

with/ center = 490 Hz + — = 1940 Hz 
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28. fi = — - — = 4 kHz 
2nR x C x 

Choose 7?i = 1 kfi 

Ci = — - — = = 39.8 nF .*. Use 39 nF 

2nf x R x 2;r(4kHz)(lkQ) 

f 2 = =80 kHz 

2nR 2 C 2 

Choose R 2 = 20 kQ 

C 2 = = = 99.47 pF .-. Use 1 00 pF 

2nf 2 R 2 2;r(80kHz)(20kQ) 




Center frequency = 4 kHz + ^kHz^ 4 kHz = ^ ^ z 

At/= 42 kHz, X Q = 97. 16 Q, X Cj = 37.89 kQ 
Assuming Z 2 » Z\ 

\V, I = -===== = 0-995 Vi 



) 

\V 0 \= —===== = 0.884 F,- 

tJ R 2 +x c, 

V 0 = 0.884 V Si = 0.884(0.995 V,) = 0.88 V t 
as/=/i: ^ = 0.707 F,, X & = 221.05 kQ 
and F 0 = 0.996 ^ 

so that V„ = 0.996 V Ri = 0.996(0.707 F,) = 0.704 F, 

Although A v = 0.88 is less than the desired level of and^ do define a band of frequencies 
for which A v > 0.7 and the power to the load is significant. 
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29. a. f s = == = . = = 100.66 kHz 

2n4LC 2^(5mH)(500pF) 



X L _ 2n{\ 00.658 kHz)(5 mH) 



R + R, 160Q + 12Q 



= 18.39 



^ = A= 100.658 kHz = Hz 
Q s 18.39 

c. Atf=f,V 0 =-^,= 16QQ(1V) =0.93VandA=-^ =0.93 
° m " + 172 Q V t 

BW 5 473 52 Hz 
Since Q s > 10, /i =f s — j- = 100.658 kHz - ' ^ = 97,921.24 Hz 

BW 

fi=f s + — = 103,394.76 Hz 
At/= 95 kHz: X L = 2nfL = 2ti(95 x 10 3 Hz)(5 mH) = 2.98 kQ 



1 = 1_ 

7 2^(95 xl0 3 F 

160Q(1VZ0°) 160VZ0 0 



X c = = , =3.35kQ 

In fC 2x(95 x 1 0 3 Hz)(500 pF) 

V 0 = 



172 + y2.98kQ-y3.35kQ 172-y370 
160VZ0 0 



480 Z- 65.07° 



0.39 VZ65.07 C 



At/= 105 kHz: X L = 2nJL = 2ji(105 kHz)(5 mH) = 3.3 kQ 

X c = —^— = = 3.03 kQ 

2k fC 2^(105 kHz)(500pF) 

160(1VZ0°) 160VZ0 0 



172 + y3.3kQ-y3.03kQ 172 + y270 



320 Z57.50 0 
/=/,: V Q = 0.93 V 

f=fi = 97,921.24 Hz, V 0 = 0.707(0.93 V) = 0.66 V 
f=f 2 = 103,394.76 Hz, V 0 = 0.707(0.93 V) = 0.66 V 



1 I tic 



30. a. f p = =Jl ^=159.15 kHz 

2k4lC XI 



= jf L= 2^ = 2^(159.15kHz)(l m H) = 625 >>1Q 

^ ^ 16 n 

Z r = = (62.5) 2 16 n = 62.5 kQ » 4 kQ 
and V 0 = Vi at resonance. 
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However, R = 4 kQ affects the shape of the resonance curve and BW=f p l Q t cannot be 
applied. 

V 

For A v = — = 0.707, \X\ = Rfor the following configuration 
R 



o VA r 

+ A I !■ 



4 kn 



v i 



= 4 kQ V 
o 



For frequencies near f p , X L » i? f and Z L = R e + yX^, = X L 
andX = X L ||X C . 



For frequencies near f p but less than f p 

X = x c x l 

x c ~ X L 



and for 4, = 0.707 

XcXi =7? 



X C ~ X L 



Substituting X c = — - — and X L = 2irf\L 
2nf x C 

the following equation can be derived: 



f*+— fx j— = 0 

InRC 4n 2 LC 



For this situation: 



! -= 39.79 x 10 3 



InRC 2;r(4kQ)(0.001//F) 

1 ' =2.53 xlO 10 



An 2 LC 4;r 2 (lmH)(0.001 / uF) 



and solving the quadratic equation,/! = 140.4 kHz 
BW 

and — — = 159.15 kHz - 140.4 kHz = 18.75 kHz 
2 

withSfF= 2(18.75 kHz) = 37.5 kHz 



b. 6p =^ 159 - 15kHz = 4.24 
P BW 37.5 kHz 
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31. a. 



Qs 



X L _ 5000 Q. 5000Q 
R + R t 400Q + 10Q 410Q 



= 12.2 



w= A = ^0Hz = 40984Hz 

a i2.2 

409 84 Hz 
/i = 5000 Hz - = 4.80 kHz 

2 

4 1 0 Hz 

/ 2 = 5000 Hz + — = 5.20 kHz 



c. 



0.024 




At resonance 

lOQ(^) 



10Q + 400Q 
f = 0.024 V t 



d. At resonance, 



10n||2kn = 9.95n 
9.95 n(V t ) 



9.95 Q + 400 Q 



= 0.024 V t as above! 



32. a. 



^ ion 

z r = = (40) 2 20 n = 32 kn » 1 kn 



32knK 

At resonance, F 0 = ! — = 0.97 F, 

32kn + ikn 

andA= — = 0.97 

Vt 

For the low cutoff frequency note solution to Problem 30: 



1 



1 



2nRC An LC 
1 1 



= 0 



/1 

c 

2;r/X c 2^-(20kHz)(400n) 

r x x 40on 

L = — — = = 3.18 mH 



19.9 nF 



2*/ 2;r(20kHz) 

Substituting into the above equation and solving 
fi = 16.4 kHz 

with = 20 kHz - 16.4 kHz = 3.6 kHz 

2 

and BW= 2(3.6 kHz) = 7.2 kHz 



Qp = 



f p 20 kHz 



W 7.2 kHz 



= 2.78 
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b. 

c. At resonance 

Z T = 32 kQ II 100 kQ = 24.24 kQ 

P " 

. , Tr 24.24 kQVi 

with V 0 = ^— = 0.96 Vi 

24.24 kQ + lkQ 

V 

and A v = s. = 0.96 vs 0.97 above 

K 

At frequencies to the right and left of f p , the impedance Z Tp will decrease and be 

affected less and less by the parallel 100 kQ load. The characteristics, therefore, are 
only slightly affected by the 100 kQ load. 

d. At resonance 

Z T = 32kQ || 20kQ= 12.31 kQ 

1 p 

with V 0 = l23lkQV i = o.925 V t vs 0.97 V, above 
12.31kQ + lkQ 

At frequencies to the right and left of f p , the impedance of each frequency will actually 
be less due to the parallel 20 kQ load. The effect will be to narrow the resonance curve 
and decrease the bandwidth with an increase in Q p . 

33. a. f. = l -j= = j 1 = 726.44 kHz (band-stop) 

2n4LC 2^(400 n H)(l 20 pF) 



X Ls Z90° + (x Lp Z90°||Xc^-90°)=0 
jX, +^ 1 = 0 



jx Lp -jx c 



X L X C 



j( X L p -*c) 

X h X c 



Fu-iT—*- 7=° 



( X L p ~ X C 
X L X C 



) 



X L ^- = 0 



X L p - X C 
C ~ X L S X L 

— - - coL + — - = 0 

coC coC 



X j X c X j X i H - X j Xf — 0 
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L s L p <o 2 -±[L s +L p ] = 0 
\L S +L p 



d s L p 



, 1 L s +L 1 460xl(T 6 , , . 

f= — - = — 4 ttt = 2.01 MHz (pass-band) 

2n\\CLL n 2n V28.8xl(T 19 



s p 

34. a. f s = ^^L s = — = — s —o = 12.68 mH 

2n4LC 4n : 2 f s 2 C 4;r 2 (100kHz) 2 (200pF) 

X L = 2nfL = 2;t(30 kHz)(12.68 mH) = 2388.91 D. 

X c = — *— = = 26.54 kQ 

2nfC 2/r(30kHz)(200pF) 

X c -X L = 26.54 kQ - 2388.91 D. = 24.15 kQ(Q 
X, =X r = 24.15 kQ 

24.HM =m , 1>mH 
2*/ 2^-(30kHz) 

35. a,b. / c =— *— = =772.55 Hz 

2^C 2^(0.47 kQ)(0.05//F) 



ft 



c 




f(log scale) 

3dB 




c /= -Jc. A vm = 201og 10 / = 201og 10T J== = -7dB 

/=2/ c : A Vi - 201og 10 1 =-0.969 dB 

Vl + (0.5) 2 

/=^/ c : ^=201og 10 -pL== -20.04 dB 
/= 10/ c : A um = 20 log 10 1 = -0.043 dB 

Vi + (o.i) 2 

d. f=-U A » = i 1 = ; 1 -0-447 

2 hWf) 2 Vi + (2) 2 

/= 2f c : A v = 1 = 0.894 
V 1 + (0-5) 
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36. a. 



0(V O leads V ( .) 




f(log scale) 



1 



ItiRC 2;r(6kQ||12kQ)0.01//F 2;r(4kQ)(0.01//F) 

V. 1 



= 1989.44 Hz 



and V ( 



V i V 1 + (///) 

( 

1 

V 1 + (/c//) 2 





i 0 




0.707 y 


^ 




0 


f c = 1 ,989.44 Hz 





1 

0.707 






Yr— 




0 




f 



c.&d. 



l"V dB > 

1/2/b 




f(log scale) 
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e. Remember the log scale! \.5f c is not midway between/1 and 2f c 



A um =20 log l0 A v 

-1.5 = 20 logioA 
-0.075 = log 10 ^ u 

A> = — = 0.84 

V: 



6 = tan" 1 fjf 
6% leads y ) 




37. a,b. A„= ^ =4, Z0= -===_ 

V ' Vl+(^c) 2 



Z-tm- l f/fc 



fc = 



1 



1 



2^C 2^(12 kQ)(lnF) 



= 13.26 kHz 



c. /=/c/2 = 6.63 kHz 
20 log, 



1 



f= 2f c = 26.52 kHz 



= -0.97 dB 



4* =20 log 



1 



10 



Vl + (2) 2 



/=/ c /10= 1.326 kHz 



4 =20 log 



10 



a/i + (0-1) : 



-6.99 dB 



= -0.04 dB 



/= 10/ c = 132.6 kHz 



4*b = 20 log 



10 



Vi+(ioy 



= -20.04 dB 



f(log scale) 



d. /=/ c /2: A v = 
f=2f c : A v = 



Vl + (0-5) 2 
1 

V 1 + ( 2 ) 2 



0.894 



0.447 
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e. 0 = taiT 1 f/f c 

f=fJ2: 6 = -tan" 1 0.5 = -26.57° 
f=f c \ 6 = -tan 1 1 =-45° 

/= 2f c : 9 = -tan 1 2 = -63.43° 




/(log scale) 



1kHz 6.63 kHz 10 kHz 26.52 kHz 100 kHz /(log scale) 



38. a. 



n || Y _ {R 2 ){-jX c ) _ R 2 X C 
K 2 \\ A C — J 



^2 ~ i x c 



= -J 



R 2 X c \ t 



R 2 ~ J X C 

~j R 2 X C 
yR 2 - jX c j 

_ R n X r 

Ri - j — —^r- 
R 2 - i x c 

R l R 2 " j R \ X C ~ J R 2 X C R \ R 2 ~ J( R l + ^2 ) X ( 



R l ( R 2 ~ i X C ) ~ J R 2 X C 



M"2 J* v l^ C J* v 2 yl C 
^ X C^i 



1"2 JV ll l TJl 2^C 
2 T i 



jR x R 2 + {R l + R 2 )X c jM2 +{Ri + R2) 



R 2 v. 



R, 



\ R l +R 2j 



R x + R 2 +j 



and A„ = s- = - 
V. 



R,R 



1^2 



1 + 7 



R \ R 2 
\ R \ +R 2J 



X r 



R, 



R t +R 2 



l + jco 



or A v = 



R, 



R l +R 2 



( R \ R 2 A 
\ R \ +R 2J 

1 



1 + J2xf(R i || R 2 )C 
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b. 



defining^ 



A= 



1 



2x(R l \\R 2 )C 
1 



R l+ R 2 



l + jffc 



and A„ = 



with I V„ 



Rn 



R l +R 2 



Rn 



1 



1 



R^ + R 2 



for/«/ c , r o = 



27kQ 



i?!+^ 2 ' 4.7kQ + 27kQ ' 



K= 0.852 F; 



at/=/ c : F 0 = 0.852[0.707]^- = 0.602 

/ c = = 994.72 Hz 

2x{R,\\R 2 )C 



0.852 V< 


, 0 




0.602 Vj 


l\ 
1 




0 


i - 

fc 


f 




c.&d. 




-20 log 10 ^— ^ 
Rn 



4.7kQ + 27kQ 
" 2 ° l0gl ° 27 kQ 
-20 logio 1.174 = -1.39 dB 
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A = -1.39 dB- 0.5 dB = -1.89 dB 

\b = 20 1o §io^ 
-1.89 = 20 log 10 A 
0.0945 = logio A v 

A> = — = 0.80 




From Section 21.11, 

V c _ jjlfx 



A = 



V, l + i/7/ c 

1 1 



2xR' 2 C 2x(24 kQ)(0.01//F) 
1 1 



= 663.15 Hz 



2^( J R 1 +^)C 2^(10 kQ + 24kQ)(0.01//F) 



= 468.1 Hz 



OdB 



I s / 

i 



-p — 




1 201og 10 ^ = 201og 10 ^ 

h h 



= 20 log 



468.1 Hz 



10 



actual 



663.15 Hz 



= -3.03 dB 



6 = 90° - tan" 1 £-= + tan 1 & 



fi 

0 = 45° 

(9 = 54.78° 



f=f: 
f=U 

f= |/i = 331.58 Hz, 0=63.43° 

/= — /i = 66.31 Hz, 0 = 84.29° 
10 

/=2/i = 1,326.3 Hz, 0=26.57° 
f= 10/! = 6,631.5 Hz, 0 = 5.71° 




f.,/10 f,/2f c f| 2*, 



/(log scale) 



40. a. 



6k£2 



:12 kn 



< — Thevenin 



12kQ V- 
12kQ + 6kQ 



i? ra = 6kQ || 12kQ = 4kQ 



4 kC2 



0.667 V, I ^ 




AMr— 1(" 



100 nF 



8kQ V n 



/= go Hz: (C => short circuit) 



8kQ(0.667V t) = 
8kQ+4kQ 



0.445 y 
0.315 V I 




f(log scale) 
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voltage-divider rule: V 0 = 



R 2 (0.667 V,) _ 0.667 R 2 W i 



and A„ = — = 



Ri+R 2 ~ jX c R l + R 2 - jX c 
0.6677^ 2 j2xf (0.667 R 2 )C 



V,. R 1+ R 2 -jX c l + J2xf(R i+ R 2 )C 
so that A„ = 7 M}_ with/! = ' 



1 



1 +jflf c 



and f c = 



2n0.661R 2 C 2^0.667(8 kQ)(l 00 nF) 
298.27 Hz 

1 1 



2n(R x +R 2 )C 2;r(4kQ + 8kQ)(100nF) 
132.63 Hz 



f c f 1/ 




/ 



3dB 



I 20 logio^/ l = 20 log 10 - 



132.63 Hz 



298.27 Hz 
20 logio 0.445 = -7.04 dB 



b. 9 = 90° - tan" 1 flf c = +taa l fjf= tan 1 132.6 Hz// 



or 



90 c 



0° 



f(\og scale) 




/(log scale) 



f(log scale) 
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l + y— f x = — = = 19,894.37 Hz 

_ f x 2nR 2 C 2;r(10kQ)(800pF) 

41. a.. Ay r 

l+jf- f= 1 1 

J f Jc 



fc IniR.+R^C 2^(10kD + 90kQ)(800pF) 



= 1,989.44 Hz 



OdB 




actual 



>fc= 



R,+R ? 

-201og 10 



R, 



= -201og 10 10 = 20 dB 




f 



-52.06° 



9 = tan" x f/f x - tan 
/= 10 kHz 



10 kHz _! 10 kHz 



0 = tan" 1 tan" 1 = 26.69° - 78.75° = -52.06° 

19.89 kHz 1.989 kHz 



f=f c : {fx = 10/ c ) 



^tan" 1 tan" 1 — = tan" 1 0.1 tan" 1 1 = 5.71° - 45° = -39.29° 

10 f c f c 



42. a. ff,no effect! 

Note Section 21.12. 



/i = = 2652.58 Hz 

2;r(6kQ)(0.01//F) 

/ c = = 884.19 Hz 

2;r(12kQ + 6kQ)(0.01//F) 



Note Fig. 21.65. 

Asymptote at 0 dB from 0 ->f c 

-6 dB/octave from f c to /i 



12kQ + 6kQ 

-9.54 dB from/! on | -20 log = -9.54dB 

6 kQ 
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Note Fig. 21.67. 



From 0° to -26.50° at/ c and/] 

6 = tan 1 M - tan l f/f c 

At/= 1500 Hz (between/, and/0 

6> = tan" 1 1500 Hz/2652.58 Hz - tan" 1 1500 Hz/884.19 Hz 
= 29.49° -59.48° = -30° 



v, \-jfJf 
1 1 



IriRf 2^(3.3 kQ)(0.05 //F) 
1 1 



= 964.58 Hz 



2n(R x \\R 2 )C 2^(3.3 kQ || 0.5 kQ)(0.05//F) 
0434 kQ 



7,334.33 Hz 



-20 log 



R +R^ 



10 



Ro 



= -20 log 



3.3kQ + 0.5kQ 



10 



0.5 kQ 



= -201og 10 7.6 = -17.62 dB 



OdB 



-17.62 dB 



h 



* actual response 



45° 



^38° 
"37.51°!37.51° 



f, 1.3 kHz f c 



1 = -tan -1 + tan -1 ^ c 



f 



/= 1.3 kHz: 



-tan 



/ 

.i 964.58 kHz 



+ tan~ 



7334.33 Hz 



1.3 kHz 1.3 kHz 

-36.57° + 79.95° = 43.38° 



Note Section 21.13. 



fc = 



y-j(f c /f) 

1 



1 



2nR x C 2^(3.3 kQ)(0.05 pY) 



= 964.58 Hz 



1 



1 



2n{R x || R 2 )C 2^(3.3 kQ || 0.5 kQ)0.05 //F 
" 0.434 kQ 



= 7334.33 Hz 
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Note Fig. 21.72. 



R+R, „„, 3.3kQ + 0.5kQ 

-20 log 10 ^— ^ = -20 logio — — = -17.62 dB 

i?, 0.5 k 12 



Asymptote at -17.62 dB from 0 ->/i 

+6 dB/octave from f\ to /I 
0 dB from f c on 

b. 0 = -tan" 1 /!//+ tan" 1 / c // 
Test at 3 kHz 

(9 = -tan" 1 964.58 Hz/3.0 kHz + tan" 1 7334.33 Hz/3.0 kHz 
= -17.82° + 67.75° = 49.93° = 50° 



Therefore rising above 45° at and near the peak 

10 45 68 100 1 kHz 

1 — 



10 kHz 23 kHz 50 kHz 100 kHz 





BW 



50 kHz vs 23 kHz -> drop about 1 dB at 23 kHz due to 50 kHz break. 

Ignore effect of break frequency at 10 Hz. 

Assume -2 dB drop at 68 Hz due to break frequency at 45 Hz. 

Rough sketch suggests low cut-off frequency of 90 Hz. 

Checking: Ignoring upper terms 



A' 



-20 log 



10 



1 + 



10 Hz 



■20 logjl 



45 Hz 

~1~ 



■20 logjl 



= -0.0532 dB - 0.969 dB - 1.96 dB 
= -2.98dB (excellent) 

High frequency cutoff: Try 20 kHz 



68 Hz 

7T~ 



v 



\2 



4dB=-201og 1(H 1- 
vsb sio-y ^3 kHz. 

= -2.445 dB - 0.6445 dB 
= -3.09dB (excellent 



-201o gl 1 



\ 2 



50 kHz 



.'. BW= 20 kHz - 90 Hz = 19,910 Hz = 20 kHz 
fx = 90 Hz,/ 2 = 20 kHz 
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1 0 kHz 23 kHz 50 kHz 1 00 kHz 

^ 1 — 




45. a. 



Testing: /= 100 Hz 

10 Hz ,45 Hz ,68 Hz 



tan 



tan 



/ 



tan 



/ 



9 = tan 

/ f f 23kHz 50kHz 

= tan -1 0.1 + tan -1 0.45 + tan -1 0.68 - tan -1 0.00435 - tan -1 .002 
= 5.71° + 24.23° + 34.22° - 0.249° - 0.1 15° 
= 63.8° vs about 65° on the plot 



1 



1-7 



.100 Hz 



/ 



1-7 



130 Hz 

/ 



1 + 7 



20 kHz 



1 + 7 



/ 

50 kHz 



180 Hz 



18 kHz 

\20 kHz 50 kHz , 
\ — t — k *" f 






BW= 18 kHz -180 Hz 
= 17,820 Hz 



Proximity of 100 Hz to 130 Hz will raise lower cutoff frequency above 130 Hz: 
Testing: /= 180 Hz: (with lower terms only) 

^ =-201og 10 . 1 + 



^100 ^ 



■201og 10 ,l + 



130 



-201og 10 Jl + 



100 
180 



\2 



■201og 10 . 1 + 



130 
180 



\2 



= 1.17 dB - 1.82 dB = -2.99 dB s -3 dB 
Proximity of 50 kHz to 20 kHz will lower high cutoff frequency below 20 kHz: 
Testing: /=18kHz: (with upper terms only) 
^ = -201ogjl + | 



20 kHz 



■201og 10 ,l + 



50 kHz 



I ( 18kHz V nni I ( 13kHz Y 
-2.576 dB - 0.529 dB = -3.105 dB 
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b. 




180° 



-180' 



Testing: /= 1.8 kHz: 

_! 100 



(9 = tan 



+ tan 



-l 



130 



tarf 



1.8 kHz 1.8 kHz 

= 3.18° + 4.14° -5.14° -2.06° 
= 0.12° = 0° 

47. /ow =/hi g h - W= 36 kHz - 35.8 kHz = 0.2 kHz = 200 Hz 

-120 



,1.8 kHz 
20 kHz 



tarf 



.1.8 kHz 
50 kHz 



1-7 



50 



1-7 



200 



1 + 7 



36 kHz 




200 Hz 



actual response 



-15 dB 



48. A, 



0.05 



1 



nn < .100 . 100 

0.05-/ 1-/ 

/ 0.05/ 



.2000 +// + 2000 
7 / 



+7 



/ 



2000 



1 + 7 



/ 
2000 



and/ = 2000 Hz 



100 Hz 



1 kHz 



10 kHz 




f(log scale) 
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49. A, 



200 



v 200 + yO.l/ l , .0-1/ n ■ / 
200 2000 



4*, = 20 log 




1 and/= 2 kHz 



50. A, 



#1000 



(l + #/1000)(l+i/710,000) 



100 Hz 



1 kHz 



-/ 



OdB 



+6 dB/Oct 



10 kHz 



f(log scale) 



v \ -6 dB/Oct 



51. A B 



y loooy 




2000 J 




V 3000 , 


2 



A , dB =201og 1(H |l + 



V 1000y 



+ 201og 10 Jl + | 

B10\| I 200() 



\2 



+ 40 log 



10 



^ 2 

V 3000y 



1+ 



15" 



10-- 



(dB) 



0 d B slope (at 13.06 d B for f» 
+12dB/oct 




1 kHz 2 kHz 3 kHz 



f(log scale) 
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52. 



ja> _ . 2k f _ . f 
1000 7 1 000 /T7 ^ 



/ 



7® _ 



A = 



1000 

2n 

40(1 +//159.16)- 



J: 



f 



159.16 Hz 5000 795.78 Hz 



J^t/fl159.16)(1 + y/7795.78) 
+32 dB 



159.16 Hz 



+6 dB/octave 



159.16 Hz 



60 
50 

40 

32 
30 

20 

10 
0 

53. a. 



-6 dB/octave 



795.78 Hz 

v-6 dB/octave 



U(dB) 


^SC^ 795.78 Hz 






159.16 Hz 

Actual / 

response \. 

1 1 


V 



100 Hz 



1 kHz 



Woofer - 400 Hz: 

X L = iTtfL = 2tt(400 Hz)(4.7 mH) = 11.81 Q 

X,:- ' - 



= 10.20 D. 



f(\og scale) 



2k fC 2^(400 Hz)(3 9 //F) 
R II X c = 8 D. Z0° || 10.20Z-90 0 = 6.3 Q. Z-38.1 1° 



(6.3 QZ -38.1 l°)(V f ) 



v 0 = 

(R\\X C ) + jX L (6.3QZ-38.11°) + yll.81Q 
V 0 = 0.673 Z-96.11° V, 

and A = ^ = 0.673 vs desired 0.707 (off by less than 5%) 

Tweeter - 5 kHz: 

X L = 2kJL = 2ji(5 kHz)(0.39 mH) = 12.25 Q 

X — 1 — \ = 11 79 Q 

C 2^/C 2^5kHz)(2.7//F) 

R || Xi = 8 Q Z0° || 12.25 Q Z90° = 6.7 Q Z33.15° 
(6.7QZ33.15°)(V,) 

° (6.7QZ33.15°)-yll.79Q 

V 0 = 0.678 Z88.54° V, 
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and A =Zl= 0.678 vs 0.707 (off by less than 5%) 

Woofer - 3 kHz: 

X L = 2kJL = 2ti(3 kHz)(4.7 mH) = 88.59 Q 
1 1 



X r = 



-= i.36 n 



2k fC 2^3kHz)(39//F) 
II X c = 8 Q Z0° || 1.36 D. Z-90° = 1.341 D. Z-80.35 0 



(*I|X C )(V,.) 



(1.341QZ-80.35 o )(V,) 



V 0 = 

(R\\X C ) + jX L (1.341 QZ -80.35°) + y 88.59 £2 
V 0 = 0.015 Z-170.2 0 V, 
V 

anAA v = = 0.015 vs desired 0 (excellent) 



Tweeter - 3 kHz: 

X L = 2%fL = 2jt(3 kHz)(0.39 mH) = 7.35 Q 

1 ' = 19.65 Q 



X c = 

2k fC 2^(3kHz)(2.7//F) 

R || X L = 8 D. Z0° || 7.35 D. Z90° = 5.42 D. Z47.42° 
= (RWXlXV,) _ (5.42QZ47.42°)(V,.) 

▼ n 



(R\\X L ) + jX c (5.42 Q Z47.42°) - y 19.65 Q 
V a = 0.337 Z124.24 0 V,- 

and^4 0 = = 0.337 (acceptable since relatively close to cut frequency for tweeter) 



Mid-range speaker - 3 kHz: 
7.35 £1 

o — |(- r r--ra^ 

V/ 




Z' = 7.41 Q.Z -22.15° 



Z" = 8.24 Q Z 33.58° 



Z" = 7.816 Q Z 37.79° 



Vi = 



z'"v,. 



(7.816QZ37.79°)V,. 
Z"'-jX c 7.816 QZ37.79°-yl. 36 Q 



= 1.11 Z8.83°V,- 



7/V 

V = i 

0 



(7.41QZ-22.15°)V i 



Z' + jX L 7.41QZ-22.15° + y7.35Q 



0.998 Z-46.9° V, 



and A v = rjS- = 0.998 (excellent) 
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Chapter 22 



1. a. M=k^ s ^ Ls = ^- 2 = (8QmH)2 2 = 0.2H 



(50mH)(0.8)' 



ep = 7V„— = (20X0.08 Wb/s) = 1.6 V 
dt 

dd 

e s = kN,—^ = (0.8)(80 t)(0.08 Wb/s) = 5.12 V 



c. e p = L P ^r=(50 mH)(0.03 x 10 3 A/s) = 15 V 
e s = M^= (80 mH)(0.03 x 10 3 A/s) = 24 V 



2. a. k=\ 



(a) Z,= ^ = ^^l=128mH 
L p /t 2 (50mH)(l) 2 



(b) e p = 1.6 V, e s = kN s -^ = (1)(80 1)(0.08 Wb/s) = 6.4 V 



(c) e p = 15 V, e, = 24 V 
* =0.2 



Ml = (80-H)' 2H 
L p /t 2 (50mH)(0.2) 2 



d (j) 

(b) e p = 1.6 V, e, = kN s —^ = (0.2)(80 t)(0.08 Wb/s) = 1.28 V 

J? 

(c) e. = 15 V, g, = 24 V 



3. a. L,= - = — r-= 158.02 mH 

L p /S: 2 (50 mH)(0.9) 2 



b. = N p ^- = (300 t)(0.08 Wb/s) = 24 V 

e H = kN<^= (0.9X25 t)(0.08 Wb/s) = 1.8 V 

c. gp and e s the same as problem 1 : e p = 15 V, e s = 24 V 
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N 64 1 
E,= ^E„ = (25 V) = 200 V 

N p 8t 



771 ^ c y 

^max = p = = 11.73 mWb 

4AfN p 4.44(60 Hz)(8t) 



E s = ^E P = ^(25 V) = 3.13 V 
7V P 240 1 



O m(max) = — =^ — = = 391.02 //VVb 

1 J 4.44 /TV p (4.44)(60Hz)(240t) 



^=_^!(240V) = 20V 
N s ' 720t 



£ " - 25 V =56.31 Hz 



(4.44)7V p o m(ma x) (4.44)(8 t)(12.5 mWb) 



h = aL 



(-) 
^2 



(2 A) = 0.4 A 



V L = I L Z L = -A I (2Q) = 0.8V 



V- 



2Q = 0.08 Q 



I p 4A 



L ' 



4 



F g _ 300V 



(1200 V) = 300 V 
= 75 A 



F 240 V 
Z L 20Q 

7V P 12A 7V P 

= a = — L => = — - 

N., 0.05 A 50 

= ^^= 12,000 turns 

0.05 
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12. a. 



N P 400 1 1 



a ' 

N s 1200 t 3 

Z = a 2 Zi = - [9Q+ jl2 Q] = 1 Q + yl.333 Q = 1.667 Q Z53.13° 

v-v 

/, = F g /Z, = 100 V/1.667 Q = 60 A 

7 L = a/p = - (60 A) = 20 A, V L = I L Z L = (20 A)(15 Q) = 300 V 



13. a. 



2 2t- |Zn 
„ = a Z^ => a = . — - 



V P . 



10V 



/ p 20V/72Q 



36 Q. 



36Q 
4Q 



b. 



Vs _N S _l 
V P N P 3 



V s = -V p = -(10Y) = 3-\ 



1 

3 



J ,.j^.(333V)'. 
Z„ 4Q 



14. a. R e = R p + a 2 R s = 4 Q + (4) 2 1 Q = 20 Q 



b. X e = X p + a 2 X s = 8Q + (4) 2 2Q = 40Q 



I p '20Q 40 Q 



0 



120VZ0° 



aV, 



a Rj_ = (4) 2 20Q = 320Q 



d. I„ 



120VZ0 0 



120VZ0 0 



Z„ 20Q + 320Q + y'40Q 340Q + y'40Q 



0.351 A Z-6.71° 



e. dW L = 



aRLY * - = I p a>R L 



(Re + aR L ) + jX e 

or Vi = al^iZO 0 = (4)(0.351 A Z-6.71°)(20 Q Z0°) = 28.1 V Z-6.71 c 



g. V L = —V=\ (120 V) = 30 V 
N P 4 
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HP 4t A 

15. a. a= — - = — = 4 

N s It 

R e = R p + a 2 R s = 4Q + (4) 2 1 Q = 20 Q 
X e =X P + a 2 X s = 8 Q + (4) 2 2 Q = 40 Q 
Z/, = Z fc + Z Xr + a 2 Z XL = 20 Q + y40 Q + j(4) 2 20 Q 

= 20 Q + 7 40 D. + y320 D. = 20 Q + 7 360 Q = 360.56 Q Z86.82" 

V 120VZ0 0 

b. I p =-^ = i±^JL±^ = 332.82 mA Z-86.82° 

Z P 360.56 QZ86.82 0 

c. V Re = (IZQ)(R e Z0°) = (332.82 mA Z-86.82°)(20 D. Z0°) 

= 6.66 V Z-86.82 0 

V Xc = (7Z0)(X e Z9O°) = (332.82 mA Z-86.32°)(40 Q Z90°) 
= 13.31 V Z3.18° 

\ Xl = l(a 2 Z Xi ) = (332.82 mA Z-86.82°)(320 Q Z90°) 
= 106.50 V Z3.18° 

16. a. a = N p /N s = 4 t/1 t = 4, R e = R p + a 2 R s = 4 Q + (4) 2 1 Q = 20 Q 

X e =X p + a 2 X s = 8 Q + (4) 2 2 Q = 40 Q 

Z p = + 7 X e -jaX c = 20 Q + y40 Q -y(4) 2 20 Q. 

= 20 Q -y280 Q = 280.71 ft Z-85.91° 

V 120 V Z0° 

b. L, = Is- = i£^Z_£^ = o.43 A Z85.91° 

P Z p 280.71QZ-85.91 0 

c. \ Re = (I p ZQ)(R e Z0°) = (0.427 A Z85.91°)(20 D. Z0°) = 8.54 V Z85.91" 
\ x = (I p ZQ)(X e Z90°) = (0.427 A Z85.91°)(40 Q Z90°) = 17.08 V Z175.91 0 
V Xc = (/ P Z0)(a 2 X c Z-9O o )=(O.427A Z85.91°)(320 QZ-90°) = 136.64 V Z-4.09 0 

17. - 

18. Coill: L\ - M\ 2 
Coil 2: L 2 - M l2 

L T = Li + L 2 - 2M 12 = 4H + 7H-2(1 H) = 9 H 

19. L T(+ =L 1+ L 2 +2M l2 

M n = kJQ7 2 = (0.8)^(200 mH)(600mH) = 277 mH 
L T(+) = 200 mH + 600 mH + 2(277 mH) = 1.35 H 
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20. M 23 = kJLJ^ = 1^/(1 H)(4 H) = 2 H 

Coil 1: Li+M 12 -Mi3 = 2H + 0.2H-0.1 H = 2.1 H 
Coil 2: L 2 + M12 - M 23 = 1 H + 0.2 H - 2 H = -0.8 H 
Coil 3: L 3 -M 23 -M 13 = 4H-2H-0.1 H= 1.9 H 
L r = 2.1 H-0.8H+ 1.9H = 3.2H 

21. E 1 -I 1 [Z A + Z A ] - I 2 [Z„] = 0 
I 2 [Z^+Z fl J + I 1 [Z m ] = 0 

I 1 (Z fl] + Z A ) + I 2 (Z m ) = E 1 

l!(Z ffl ) + I 2 ( Z i2 + Z fli ) = 0 X ffl = -©M Z90° 



22. Z i =Z p+ -^ = R p+j X L ^ jcoM) 2 



R P = 2Q, X Lp = (oL p = (10 3 rad/s)(8 H) = 8 kQ 
R s = 1 Q, X is = oxL s = (10 3 rad/s)(2 H) = 2 kQ 
M= A:7ZX = 0-05^(8 H)(2 H) = 0.2 H 
(10 3 rad/s-0.2H) 2 



Z, : = 2 D. + jS kQ. 



2 Q +78 Ml 



lQ + y'2kQ + 20Q 
4xio 4 Q 



21 + y2xio 3 

= 2 n +78 kQ + 0.21 Q -7I9.99 Q = 2.21 Q + 77980 Q 
Z, = 7980 Q Z89.98" 



0, V p 2400 V 

23. a. a = — - = — - = =20 

N„ V. 120 V 



t,t r 10,000VA 10,000VA 

b. 10,000 VA = V S I S ^>I S = — = — = 83.33 A 

V. 120 V 



10,000VA _ 10,000 VA _ /) 
P F p 2400 V 



, V p 120 V 1 

d. a = — = = 0.05 = — 

V s 2400 V 20 

10,000 VA 3 
2400 V P 
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24. I S = I 1 = 2A,E P =V L = 40\ 

E s = V s - V L = 200 V - 40 V = 160 V 

200 V 

Vgl\ = VJ L =>I l = V g IV L ■ h = ~^( 2 A) = 10 A 
I p + I 1 =I L ^I p = I L -I l = lOA-2A = SA 



N 

25. a. E, = 

N p 
25 t 

" (100 VZ0°) = 25 VZ0° = Vi 



lOOt 

E, = 25VZ0° =SAZ0 . = 
Z L 5QZ0° 



Z,- = a 2 Z L 





2 




( 100 








V 25t J 



5 Q Z0° = (4) 2 5 n Z0° = 80 Q Z0° 



c. Zi/2 = -Z, = -(80QZ0 o )=20QZ0° 
4 4 



26. a. E 2 = ^Ei= — (60 V Z0°) = 10 V Z0° 
N\ 90t V 

E 3 = — Ei = — (60 V Z0°) = 30 V Z0° 
Ni 90 1 

t .E 1= 10VZ0 !=1J5Ai ^ 

Z 2 8QZ0° 

E3 = 30VZ0° =6AZ0O 

Z 3 5QZ0° 

u 1 1 1 

b. = r + 



*i {NJN 2 ) 2 R 2 {NJN,)% 
1 1 



27. a. E 2 =— E] 



(90t/15t) 2 8Q (90t/45t) 2 5Q 

— = — !— + — !— =0.05347 S 
i?! 288Q 20Q 

/?! = 18.70 fi 

N, ( 40 1 ^ 

' " (120 VZ60°) = 40 VZ60° 



_ Ej = 40 V Z60° 
' 2 Z 2 12QZ0 0 



^1 = — ' — =3.33 AZ60° 



F _ ^ F _f 30O 

£,3 — — -H.1 — 



JV, U20t 
E3 = 30VZ60 ! = 3AZ60O 
Z 3 10QZ0 0 



(120 VZ60°) = 30 VZ60° 
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b. -L= 



*i (N l IN 2 ) 2 R 2 {NJN,)% 



(120t/40t) 2 12Q (120t/30t) 2 10Q 

— = — 1 — + — 1 — = 0.0155 S 
Ri 108Q 160Q 

Ri= = 64.52 Q 

0.0155 S 

28. Z M = Z M = (x)M u Z90° 

E - \{Z X - h z k - h(-Z m ) - H+Z m ) - h z Li + 1 2 z Li - h(-Z m ) = 0 
E - h(Zi + Z h - Z m + Z i2 - Z m ) - l 2 (Z m - Z Li ) = 0 
or l!(Zi + Z h +Z Li -2 Z m ) + I 2 (Z m -Z h ) = E 

-I 2 Z 2 - Z i2 (I 2 -I 1 )-I 1 (+Z m ) = 0 
or I 1 (Z ffl -Z i2 ) + I 2 (Z 2 +Z i2 ) = 0 

29. Ej - IjZj - i! Z A - I 2 (- Z M _ 2 ) - I 3 (+ Z Mn ) = 0 
or E 1 -I 1 [Z 1 +Z ii ] + I 2 Z M]2 -I 3 Z Mi3 = 0 

-I 2 (Z 2 + z 3 + z i2 ) + I 3 Z 2 - h{- z M|2 ) = 0 
or -I 2 (Z 2 + Z 3 + Z i2 ) + I 3 Z 2 + i! Z M[2 = 0 

-I 3 (Z 2 + z 4 + z i3 ) + I 2 Z 2 - 1!(+ z Mn ) = 0 
or -I 3 (Z 2 + Z 4 + Z i3 ) + I 2 Z 2 - i! Z Un = 0 

.-. [Z,+ Z A ]l!- z m 12 I 2 + Z Mi3 I 3 = E, 

z Mi2 1! - [Z 2 + z 3 + z i2 ]I 2 + Z 2 I 3 = 0 

z Mi3 i, Z 2 I 2 + [Z 2 + z 4 + z i3 ]I 3 = 0 
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Chapter 23 

1. a. E t = E L /j3 = 208 V/l. 732 = 120.1 V 
c. /,= ^ = 1201V = 12.01 A 

' ion 



2. a. 



c. 



= 7± L / V3 = 208 V/l .732 = 120.1 V 

Z 0 = 12n-yl6£2 = 20nZ-53.13° 
120.1V 



20 n 



3. a. E A = 120.1V 



s 6A 



b. F,= £. = 120.1V 



d. 12.01 A 



b. V,= E A = 120.1V 



d. 7 £ =/,= 6A 



b. K, = 120.1 V 



z, = (io n zo° || (io n z-90 0 ) = 7.071 n z-45 0 

7,= -^ = !^= 16.98 A 
' 7.071 n 

h = 16.98 A 

9 2 = -120°, # 3 = 120° 

V„„ = 120 V Z0°. \ bn = 120 V Z-120°, V c „ = 120 V Z120° 



Ibn _ 



V flH _ 120VZ0° 

z fl „ 2onzo° 

V,,„_120VZ-120° 



20 n zo° 



V c „ 120VZ120 0 



2onzo° 



6 AZO° 
= 6 A Z-120 0 
6 A Z120° 



L=L=6A 



e. F L = V3 V 4 = V3 (120 V) = 207.8 V 



6 2 = -120°, # 3 = +120° 

\ an = 120 V Z0°. \ bn = 120 V Z-120°, \ cn = 120 V Z120° 

=9n+yl2n=15nZ53.13° 

120VZ0 0 120VZ-120 0 
l an = _^ZL^_ = 8 A Z-53.13", l bn = ^1^_1^L = 8 A Z -173.13° 



15nZ53.13° 

120 VZ120 0 
= = 8 A Z66-87 o 

15nZ53.13° 



15nZ53.13° 
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e. 8 A f. E L = V3 E, = (1.732)(120V) = 207.85V 

6. a, b. The same as problem 4. 

c. Z^6Q Z0° || 8 Q Z-90° = 4.8 D. Z-36.87° 

V 120VZ0° 

I«„ = — = — = 25 A Z36.87° 

Z an 4.8 QZ -36.87° 

t . Vk.JMVZ-120L_ 
Z A „ 4.8 QZ -36.87° 

V 120VZ120 0 
Z c „ 4.8 QZ -36.87° 

d. h=I t = 25 A e. V L = sfi = y/3 (120 V) = 207.84 V 

F, 220 V 

7. ^ = F a „ = F ta = V cn = -^ = __= 127.0 V 

= 10 n -ylO n = 14.42 n Z-45° 

1 A. Inn = ^/wi Z-n = ~ = = 8.98 A 

* z* 14.142 n 

h = h a = hb = lcc = /„ = 8.98 A 

8. Z,= 12Q + /16Q = 20QZ53.13° 

' Z, 20Q 

Z r(< = 13 Q + /16Q = 20.62 Q Z50.9P 
^= /, Z r „= (2.5 AX20.62 Q) = 51.55 V 
V L = V3 ^ = ( V3 ) (5 1 .55 V) = 89.29 V 



22 kV 
22 kV 
22 kV 



9. a. E^= — — Z-30°=12.7kVZ-30° 



E BN = — — Z-150°=12.7kVZ-150° 



E CN = — — Z90° = 12.7 kV Z90° 
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12.7kVZ-30° 



c. 



Z^ (30 Q + j40 Q) + (0.4 kfi + yl kQ) 
12.7kVZ-30° 12.7kVZ-30° 



430n + yl040n 1 125.39 QZ67.54 0 
= 11.29 A Z-97.54° 
= = Ebw = 12.7kVZ-150° = u A z _ ni 540 

Zbn 1 125.39 QZ67.54 0 
= i = Eov _ 12.7kVZ90° = n 29 A Z22-46G 
Zov 1 125.39 QZ67.54 0 

d. V a „ = I a „Z a „ = (1 1.29 A Z-97.54°)(400 + ylOOO) 

= (1 1.29 A Z-97.54°)(1077.03 D. Z68.2°) 

= 12.16 kV Z-29.34° 
\ hn = l hn Z hn = (1 1.29 A Z-217.54°)(1077.03 Z68.2°) 

= 12.16 kV Z-149.34° 
V c „ = I C „Z C „ = (1 1.29 A Z22.46°)(1077.03 Z68.2°) 

= 12.16 kV Z90.66 0 

10. a. = EJ -v/3 = 208 V/l .732 = 120.1 V b. V^ = E L = im\ 



7 £> = 208V = 10s4A d ^ /,= (1.732X10.4 A) = 18 A 

Z+ 20 Q ' 



11. a. ^ =E L /j3 = 208 V/l. 732 = 120.1 V b. ^ = £ £ = 208V 

c. Z^= 6.8 Q+yl4Q = 15.564 Q Z64.09 0 

/,= ^ = ^^=13.36A 

* Z* 15.564 n 

d. 7i=V3 ^=(1.732X13.36 A) = 23.14 A 

12. Z^= 18 Q Z0° || 18 D. Z-90° = 12.728 D. Z-45° 

a. E,= F L / J3 = 208 V/V3 = 120.09 V b. ^ = 208V 

, V<p 208 V 

c. L = — = =16.34 A 

* 12.728 n 

d. /x = V3 7^ =(1.732X16.34 A) = 2830 A 

13. a. 0 2 = -120°, 6 3 = +120° 

b. \ ab = 208 V Z0°, V hc = 208 V Z-120 0 , V ca = 208 V Z120° 
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c. 



d. 



\b - 




208 V ZO° _ 


9.46 A Z0° 


'Lab 


22 D. Z0° 




he = 


Vbc_ 


208VZ120 0 


= 9.46 A Z-120° 


Zbc 


22 D. Z0° 






V ca 


208 VZ120 0 


= 9.46 A Z120° 


ha 






Zca 


22 D. Z0° 





e. I L = j3 Ij =(1.732X9.46 A) =1638 A 

f. E, = EJ y/3 = 208 V/l .732 = 120.1 V 



14. a. 0 2 = -120°, 0 3 = +120° 

b. V fl6 = 208 V Z0°, V hc = 208 V Z-120 0 , \ ca = 208 V Z120° 

c. 

d. Z^= 100 Q-yl00Q = 141.42 QZ-45° 

V^ = 208VZ0° =L47AZ4go 

Z aA 141.42QZ-45 0 

V^ = 208VZ-120° =L47AZ _ 75O 

Z 6e 141.42QZ-45 0 

V ££= 208VZ120° =L47AZ1650 

Z Cfl 141.42QZ-45 0 

e. /x = V3 =(1.732)(1.471 A) = 2.55 A 

f. E t = E L /j3 = 208 V/l. 732 = 120.1 V 

15. a, b. The same as problem 13. 

c. 

d. = 3 Q Z0° || 4 Q Z90° = 2.4 Q Z36.87° 

208VZ0° =86 . 67AZ _ 36 . 870 

Z afe 2.4QZ36.87 0 

I fec =^= 208VZ - 120 ° = 86.67AZ-156.87° 
Zbc 2.4QZ36.87 0 

I ca =^= 208VZ120 ° =86.67AZ83.13° 
Z Cfl 2.4QZ36.87 0 
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e. I L = V3 /.= (1.732X86.67 A) = 150.11 A f. E 4 = 120.1V 



16. V ah =V hc =V ca = 220\ 

10 n+yl0n= 14.142 QZ45° 

j -j -j - V 4>- 220V 

-'aft _ -<ftc - ^ca — rrr— - 13.30 A 

14.142Q 



_V flA _ 16kVZ0° 16kVZ0° 

17. a. l a j 



Z flA 300n + yl000n 1044.03 QZ73.30 0 

l ah = 15.33 A Z-73.30 0 

V, = 16kVZ-120° = 1; . 33 A Z 193 3()0 
Z 6c 1044.03 QZ73.30 0 

= I6kvzi20° = 15> 33 A Z46>?0 
Z ca 1044.03 QZ73.30 0 



b. ha ~ hb + I ca = 0 

ha = hb ~ ha = 15.33 A Z-73.30 0 - 15.33 A Z46.7° 
= (4.41 A-y'14.68 A)-(10.51 A+7II.I6A) 
= 4.41 A - 10.51 A -X14.68 A+ 11.16 A) 
= -6.11 A -725.84 A = 26.55 A Z-l 03.30° 

hb + hb = he 

l Bb = l hc - l ah = 15.33 A Z-193.30 0 - 15.33 A Z-73.30 0 
= 26.55 A Z136.70 0 

he + he = ha 

he = ha - he = 15.33 A Z46.7° - 15.33 A Z-193.30 0 
= 26.55 A Z16.70 0 

c. E AB = l Aa {lO Q + j20 Q) + \ ab - I B6 (22.361 Q Z63.43°) 

= (26.55 A Z-103.30°)(22.361 D. Z63.43°) + 16 kV Z0° 

- (26.55 A Z136.70°)(22.361 Q. Z63.43°) 

= (455.65 V -7380.58 V) + 16,000 V - (-557.42 V -j204.32 V) 
= 17.01 kV -yl 76.26 V 
= 17.01 kV Z-0.59° 

E BC = W22.361 D. Z63.43°) + \ hc - I Cc (22.361 Q Z63.53°) 
= (26.55 A Z136.70°)(22.361 D. Z63.53°) + 16 kV Z-120° 

- (26.55 A Z16.70°)(22.361 D. Z63.53°) 
= 17.01 kV Z-120.59 0 



E CA = I Cc (22.361 Q Z63.43°) + \ ca - 1^,(22.361 Q Z63.43°) 
= 17.01 kV Z119.41° 
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18. a. E A = E L = 208 V 



b. 



* V3 1.732 



c 7, 



V$_ 120.1V 
Z<* 30Q 



= 4.00 A 



d. 



W, = 4A 



19. a. E, = E,= 208 \ 



b. V d = E L j3 = 120.09 V 



c. 



/,= -^ = 1^^=7.08 A 



Z,» 16.971Q 
20. a, b. The same as problem 18. 



/,=/,= 7.08 A 



c. Z^ = 15 Q Z0° || 20 D. Z-90° = 12 Q Z-36.87° 

7^ = ^,10 A 

' Z^ 12Q 



d. 7, = I,= 10 A 



120 V 120 V 
21. F fl „ = F 6 „ = V cn = ^L = ^L= 69.28 V 



Ian Ibn Icn 



V3 1.732 
69.28 V 



24 Q 

lAa = I Bb = Icc= 2.89 A 



= 2.89 A 



120 V 

22. F ff „ = F ta = F c „ = — =- = 69.28 V 

V3 

Z^ = 10 Q + j20 Q = 22.36 QZ63.43 0 
V, 69.28 V 



Ian Ibn Icn 



Z^ 22.36 D. 
ha = hb = Ice = h = 3.10 A 



= 3.10 A 



23. V an = V bn = V cn = 69.28 V 

Z . = 20 Q Z0° || 15 Q Z-90° = 12 Q Z-53.13° 



^an Ibn Icn ' 



69.28 V 



12Q 

ha = hb = he = 5.77 A 
24. a. E^=E L = 440 V 



5.77 A 



b. r, = E £ = E,=440V 



' Z, 220 Q 



d. 7i = V3 7^=(1.732)(2A) = 3.46 A 
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25. a. Ej = E L = 44to V b. V^ = E L = 440\ 

c. Z^= 12Q-y9Q = 15 QZ-36.87° 

" Z, 15Q 

d. I L = V3 7^= (1.732)(29.33 A) = 50.8 A 

26. a, b. The same as problem 24. 

c. Z^ = 22QZ0°||22QZ90 o =15.56QZ45° 

' Z, 15.56Q 

d. / L = V3 /,= (1.732)(28.28 A) = 48.98 A 

27. a. 0 2 = -120°, 6 3 = +120° 

b. \ ah = 100 V Z0°, V 6c = 100 V Z-120°, \ ca = 100 V Z120° 



d. U^^ 100VZQ ° = 5AZ0° 

Z ah 20QZ0 0 

V^100VZ-120^ 5AZ _ 120O 

Z hc 20QZ0 0 
V^ = 100VZ120° = 5AZ120O 
Z Cfl 20QZ0 0 

e. /a, = /a = Icc= V3 (5 A) = 8.66 A 
28. a. 0 2 = -120°, 6 3 = +120° 

b. \ ah = 100 V Z0°, \ bc = 100 V Z-120 0 , \ ca = 100 V Z120° 



d. Z^= 12Q+jl6Q = 20QZ53.13 o 

100VZ0° =5AZ _ 53-13C 

Z a6 20QZ53.13 0 

Z 6c 20QZ53.13 0 



t,-Vfe- 1M y Z - 12 T-5AZ-17My 
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u .v g .Joov^»L. gAZiM7 . 

Z ca 20QZ53.13 0 

e. = h b = Icc=4ll^= (1.732X5 A) = 8.66 A 

29. a. 0 2 = -120°, 0 3 = 120° 

b. \ ab = 100 V Z0°, V hc = 100 V Z-120 0 , \ ca = 100 V Z120° 

c. 

d. = 20 Q Z0° || 20 Q Z-90° = 14.14 D. Z-45° 

ioovzo° =7j07AZ45O 

14.14QZ-45 0 



100VZ-120 0 



I hr = = 7.07 A Z-75° 



14.14QZ-45 0 

100 VZ120 0 
= = 7 07 A zl65 o 

14.14QZ-45 0 



e. I Aa = hb = he = [S] (7.07 A) = 12.25 A 



30. P T = 31 = 3(6 A) 12 Q = 1296 W 

Q T = 3l]X> = 3(6 A) 2 16 Q = 1728 VAR(C) 



St- 4pt + Qt= 2160 VA 

„ P r 1296 W . 
F„ = — = = 0.6 (leading) 

' S r 2160 VA 

31. 120 V, 120 V/20Q = 6A 

P r = 3/^ = 3(6 A) 2 20 Q. = 2160 W 

0 r =O VAR 
S T = P T = 2160 VA 
P r _ 2160 W 



5 r 2160 VA 



32. P T = 3lfo= 3(8.98 A) 2 10 Q = 2419.21 W 

Q T = 31 jx. = 3(8.98 A) 2 10 Q = 2419.21 VAR(Q 



Sr^ 4 P t + Qt = 3421.28 VA 

_ P T 2419.21 W , 
F„ = — = = 0.7071 (leading) 

5 r 3421.28 VA 
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33. 





208 V 






Pt = 


3 


V/| 


= 3- 


(208 V) 2 










18Q 


Qt = 


3 




= 3 


(208 V) 2 










18Q 



7210.67 W 



7210.67 VAR(C) 



St = >]pt + Q? t = 10,197.42 VA 
P T _ 7210.67 W 
S T 10,197.42 VA 



= 0.707 (leading) 



34. P T = 3lfo= 3(1.471 A) 2 100 Q = 649.15 W 

gr= 3/^ = 3(1.471 A) 2 100 Q = 649.15 VAR(C) 

Sr = \]Pt^~~Qt = 918.04 VA 
649.15 W 



S T 918.04 VA 



= 0.7071 (leading) 



35. P T = 31 = 3(15.56 A) 2 10 Q = 7.26 kW 

Q T = 3l)X^ = 3(15.56 A) 2 10 Q = 7.26 kVAR 

St = ^P~t + Q 2 T = 1027 kVA 

P L= 7.263 kW =0 . 7071(lagging) 

P 5 r 10.272 kVA 



36. 



fr= 3 Vl = 3(120.1 -V) 2 = 2884j8QW 



15Q 



_ ^_ 3(120. 1V) 2 _ 



2163.60 VAR(C) 



20Q 

Sr = ^Jpt~^~QI = 3605.97 VA 

„ P T 2884.80 W 

F„ = — = = 0.8 (leading) 

S T 3605.97 VA 



37. 10 Q+y20Q = 22.36 Q Z63.43° 

V L 120 V 



^4 = — = 69.28 V 



' V3 1.732 

I =1^ = ^^=3.098 A 
' Z, 22.36 n 

P T = 3lfo = 3(3.098 A) 2 10 n = 287.93 W 
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fir = 3/^= 3(3.098 A) 20 Q = 575.86 VAR 

„ P T 287.93 W . 
F„ = — = = 0.447 (lagging) 

P S T 643.83 VA 



38. Pr=3 jj = 3(440 V)- = 264kw 

^ 22Q 
Q T = P T = 26.4 kVAR(L) 
Sr = JpJuf T = 37.34 kVA 

^ = 26.4kW =0 . 707(lagging) 

* S T 37.34 kVA 

39. Z j> = 12n+yl6n = 20nZ53.13° 

^ioov^ 5A 

' Z, 20Q 
i>r = 3/ 2 /^ = 3(5 A) 2 12 Q = 900 W 
Qt = 3I}X 4 = 3(5 A) 2 16 Q = 1200 VAR(L) 
St= t]p 2 t + Q 2 T = 1500 VA 

F,= 3l = -™^= 0.6 (lagging) 
' S r 1500 VA 

40. P T = y/3EJ L cos6 

4800 W = (1.732X200 V)h (0.8) 
h= 17.32 A 

7 _ 7 X _ 17.32A _ 1QA 
' V3 1.732 

# = cos~' 0.8 = 36.87° 

V ?00 V /0° 

z y± = uu =20 n Z36.87° = 16 ft + yl2 Q. 

* I, 10AZ-36.87 0 

41. P T = ^E L I L cos 0 

1200 W = V3 (208 V)7 L (0.6) => I L = 5.55 A 

i = 208V = 120 . lv 
' V3 1.732 

# = cos~' 0.6 = 53.13° (leading) 

\j_ = 120.1 VZ0° = 21.64 QZ-53.13°= 12.98 Q- / 1 7.3 1 Q 
" I, 5.55AZ53.13° ' 
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42. 



Z^= 15Q+y20fi = 25 QZ53.13° 

* Z* 25Q 
P r = 3/J^ = 3(5 A) 2 15Q = 1125W 
Qt = 3I}X 4 = 3(5 A) 2 20 Q = 1500 VAR(L) 
1^ = Ki/V3 = 125 V/l. 732 = 72.17 V 
= 3 Q -jA Q = 5 QZ-53. 13° 



* 7 



72.17 V 
5D. 



= 14.43 A 



P T = 3lfa= 3(14.43 A) 3D = 1874.02 W 

g r = 3/ 2 X^ = 3(14.43 A) 2 4Q = 2498.7 VAR 

P r = 1 125 W + 1 874.02 W = 2999.02 W 

Q T = 1500 VAR(L) - 2498.7 VAR(C) = 998.7 VAR(C) 

5r= ^Pj +Q 2 T = 3161 VA 



2999.02 W 
3161VA 



= 0.949 (leading) 



43. 



^ = ^= 9,237.6 V 



V3" 



/,=/,= 80 A 



1200 kW 
i>^ = = 400kW 

An = (80A) 2 4Q = 25.6kW 

P T = 3P, = 3(25.6 kW + 400 kW) = 1276.8 kW 



d. F p = —,S T = V3 VJ L = y/3 (16 kV)(80 A) = 2,2 1 7.025 kVA 



„ 1,276.8 kW . 
F„ = = 0.576 lagging 

P 2,217.025 kVA 



e. 



9 L = cos" 1 0.576 = 54.83° (lagging) 



1 



Aa - 



Z T Z54.&3° 

t 



80A Z- 54.83° 

given 



for entire load 
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V an = E AN -I Aa {4Q+j20 Q) 

= 9237.6 V Z0° - (80 A Z-54.83°)(20.396 Q. Z78.69°) 
= 9237.6 V Z0° - 1631.68 V Z23.86° 
= 9237.6 V - (1492.22 V + /660 V) 
= 7745.38 V -766O V 
= 7773.45 V Z-4.87° 



7773.45 VZ-4.87° 



▼ an 

lAa 80 A 



-54.83° 



= 97.168 QZ49.95° 



62.52 Q. + /74.38Q 



R 



h. F p (entire system) = 0.576 (lagging) 
^p(load) = 0.643 (lagging) 

j _ Po _ Pi ~ Piost _ 1276.8 kW - 3(25.6 kW) . 

P. P, 1276.8 kW 



0.9398 => 93.98% 



44. a. 
b. 



I, 



= 220 V 

_ 127.02 V_ 



= 127.02 V, Z^ = 10 Q -ylO Q = 14.14 QZ-45° 
8.98 A 



14.14Q 



P T = 3lfo= 3(8.98 A) 2 10 Q = 2419.2 W 
2419 2 W 

Each wattmeter: : = 806.4 W 



45. b. 

46. a. 
b. 



P T = 5899.64 W, P meter = 1966.55 W 



P r = P +P h = 85 W + 200 W = 285 W 



0.2 



P h = 



^=0.5 
Ph 

100 w 



= 200 W 



0.5 0.5 
P T = P h - P f =200 W- 100 W = 100 W 
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jU = 208VZ0° = 2)uiAza . 
RZO° 10QZ0 0 

^ = 208VZ-120° = 208AZ _ 120O 
RZO° 10QZ0 0 
^ = 208VZ120° = 208AZ120O 
RZO° 10QZ0 0 



i-Aa + Ica ~ I a 6 _ 0 
I^a lai — Ica 

= 20.8 AZ0°-20.8 AZ120 0 
= 20.8 A-(-10.4A+yl8.01 A) 
= 31.2 A-7I8.OI A 
= 36.02 A Z-30° 

Igfc + lafc ~ he = 0 
Iffi> = lie — la* 

= 20.8 A Z-120° - 20.8 A Z0° 
= (-10.4 A -7I8.OI A) - 20.8 A 
= -31.2 A-7I8.OI A 
= 36.02 A Z-150° 

Ice + lie _ Ica = 0 
Icc = Ica ~~ lie 

= 20.8 A Z120° - 20.8 A Z-120° 
= (-10.4 A + 7I8.OI A) - (-10.4 A -7I8.OI A) 
= -10.4 A + 10.4 A + 7I8.OI A + 7I8.OI A 
= 32.02 A Z90° 



Pi = VJ Aa cost > v « = K M Z 8 - 180° = 208 V Z 120° - 180° 
= 208 V Z-60° 
\ Aa = 36.02 A Z-30° 
= (208 V)(36.02 A) cos 30° 
= 6488.4 W 

Pi = V bc hb cost . y bc = 208 V Z-120°, I Bb = 36.02 A Z-150° 

= (208 V)(36.02 A) cos 30° 
= 6488.4 W 

P T = P l +P 2 = 6488.4 W + 6488.4 W 
= 12,976.8 W 



49. a. v r E i = ^±= 120.09 V 



b. 





Van = 


120.09 V 




Z an 


14.142Q 


hn = 


Vbn_ 


120.09 V 


Zbn 


16.971Q 




Vcn = 


120.09 V 




Z cn 


2.828 D. 



= 8.49 A 
= 7.08 A 
= 42.47 A 



c. p r =/£,ion+/£i2n+4 2n 

= (8.49 A) 2 10 D. + (7.08 A) 2 12 D. + (42.47 A) 2 2 Q 

= 720.80 W + 601.52 W + 3.61 kW 

= 4.93 kW 
Q T = P T = 4.93 kVAR(L) 

= 4 P t + Q 2 t = 631 kVA 

F p = ^=0.707 (lagging) 



d. E fl „ = 120.09 VZ-30°, E hn = 120.09 VZ-150 0 , E c „ = 120.09 VZ90° 
E^ = 120.09VZ-30° = 120.09 VZ -30° = ^ A z _ 750 
Z a „ lOn + ylOn 14.142QZ45° 
1» _ 120.09 V Z-150° . 120.09 VZ-150° _ TJ| A ^ 



Z te 12Q + yl2Q 16.971QZ45° 
fc _ 120.09 VZ90° _ .20.09 VZ90° . 
Z e „ 2Q + y2Q 2.828 QZ45° 



= 8.49 A Z-75° + 7.08 A Z-195° + 42.47 AZ45° 

= (2.02 A -y8.20 A) + (-6.84 A + 71.83 A) + (30.30 A + 730.30 A) 

= 25.66 A -723.93 A 

= 35.09 A Z-43.00 0 



50. Zi = 12 n -7I6 n = 20 n z-53.13 0 , z 2 = 3 n +74 n = 5 n Z53.13 0 
z 3 = 20 n zo° 

E AB = 200 VZ0°, E BC = 200 V Z-120°, E CA = 200 V Z120° 
Za = Z1Z2 + Z1Z3 + Z2Z3 

= (20 n Z-53.13°)(5 n Z53.13°) + (20 Q Z-53.13°)(20 Q Z0°) 

+ (5QZ53.13°)(20QZ0°) 
= 100 QZ0° + 400 n Z-53.13° + 100QZ53.13 0 

= 100 n + (240 n -7320 Q) + (60 n + 780 Q) 
= 400 n -7240 n 

= 466.48 n Z-30.96 0 
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= E^Z 3 - E Cj4 Z 2 _ (200 V Z0°)(20 Q Z0°) - (200 V Z120°)(5 Q Z53.13°) 

z z 

_ 4000AZ0°- 1 000AZ 1 73. 1 3^ 
466.48 Z -30.96° 

E ^ - E^Z 3 _ (200 V Z - 120°)(20 Q Z - 53. 13°) - (200 V Z0°)(20 Q Z0°) 

z z 

= 4000AZ-173.13°-4000AZO° A ' 

466.48 Z- 30.96° 

= E C ^Z 2 -E^Z, _ (200VZ120°)(5QZ53.13°)-(200VZ-120°)(20QZ-53.13°) 
7 7 

A A 

_ 1000 A Zl 73.13°- 4000 A Z- 173.13° _ 
466.48 Z- 30.96° 
P r =/ a 2 „12Q+/ A 2 „4Q+/ c 2 „20Q 

= 1376.45 W + 1 172.38 W + 847.60 W = 3396.43 W 
Q r = I 2 an 16 D. + il 3 Q = 1835.27 VAR(C) + 879.28 VAR(L) = 955.99 VAR(C) 

= yjP? + Q 2 T = 3508.40 VA 

„ P T 3396.43 W 

F„ = — = = 0.968 (leading) 

S T 3508.40 VA 
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Chapter 24 

1. a. positive-going b. V b = 2 V c. t p = 0.2 ms 

d. Amplitude =8V-2V=6V 

e. % tilt = Vx ~ Vl x\QQ% 

V 

8V + 7.5 V 

V= ^^=7.75 V 

2 

g V-7 5 V 

% tilt = x 100% = 6.5% 

7.75 V 

2. a. negative-going b. +7 mV c. 3 fis 

d. -8 mV ( from base line level) 

TA -8mV-7mV -15 mV „, T7 

e. V= = = -7.5mV 

2 2 

% Tilt = lOQQ/o = - 8 mV - ( - ? mV ^ x lOQQ/o 

K -7.5 mV 

-lmV 



-7.5 mV 



■x 100% = 13.3% 



f. T = 15 jus - 7 jus = S jus 

prf= -= —=125 kHz 
r 8//s 



g. Duty cycle =^xl 00% = ^ x 1 00% = 37.5% 

r 8//s 



3. a. positive-going b. V h = 10 mV c. t p 



d. Amplitude = (30 - 10)mV = 20 mV 



e. % tilt = Vl Vl x\00% 
V 

V= 3QmV ; 28mV = 29mV 

%tilt= 3QmV - 28mV xlQ0 % ,6.9% 
29 mV 



f Q \ 



4 ms = 3.2 ms 
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t r = (0.2 div.)(2 ms/div.) = 0.4 ms 
t f = (0.4 div.)(2 ms/div.) = 0.8 ms 



tilt = = o. 1 with V= ^A 

V 2 



Substituting V into top equation, 



V - V 0 95 V 
' 2 = 0.1 leading to V 2 = 1 or V 2 = 0.905(15 mV) = 13.58 mV 



15- 



2 

D(mV) 

13.58 

/ 
/ 

A. 



1.05 



! 4 



8 1 



f(HS) 



/ / / / / 



a. f r = 80% of straight line segment 

= 0.8(2 fis) = 1.6 fts 

b. t f = 80% of 4 //s interval 

= 0.8(4 fis) = 3.2 /us 

c. At 50% level (10 mV) 

t p = (8 - l)//s = 7 fis 



prf = 



1 



1 



r 20 //s 



= 50 kHz 



7. a. r= (4.8 -2.4)div. [50 //s/div.] =120^8 



1 



T 120 //s 



= 8.33 kHz 



c. Maximum Amplitude: (2.2 div.)(0.2 V/div.) = 0.44 V = 440 mV 
Minimum Amplitude: (0.4 div.)(0.2 V/div.) = 0.08 V = 80 mV 



T= (3.6 -2.0)ms = 1.6 ms 



1 



= 625 Hz 



prf = — = 

T 1.6 ms 

Duty cycle = ^x 100% = -^^ x 100% = 12.5% 
T 1.6 ms 
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9. r=(15 -T)fjs = Sjus 

prf= - = —!—= 125 kHz 
T 8//s 

Duty cycle = ^ x 1 00% = ( 20 ~ 15 )^ x \ 0 0% = - x 1 00% = 62.5% 
T 8//5 8 

10. T= (3.6 div.)(2 ms/div.) = 7.2 ms 

prf= - = — - — =138.89 Hz 

T 7.2 ms 

Duty cycle = x 1 00% = L6dlv - x 1 00% = 44.4% 
T 3.6 div. 

11. a. r=(9- l)^s = 8/fs b. ^ = (3 - l),«s = 2 /* s 

c. prf = — = — = 125 kHz 

T 8//s 

d. K av = (Duty cycle)(Peak value) + (1 - Duty cycle)(Fj) 

Duty cycle = ^ x 1 00% = ^ x 1 00% = 25% 
T 8//s 

V m = (0.25)(6 mV) + (1 - 0.25)(-2 mV) 
= 1.5 mV - 1.5mV = 0 V 

or 

^ _ (2 //s)(6 mV) - (2 //s)(6 mV) _ Q y 
8 //s 



e. v m - lo^m^i^i^i . }M mV 

\j 8//s 



12. Eq. 24.5 cannot be applied due to tilt in the waveform. 
(Method of Section 13.6) 
Between 2 and 3.6 ms 



(3.4 ms - 2 ms)(2 V) + (3.6 ms - 3.4 ms)(7.5 V) + -(3.6 ms - 3.4 ms)(0.5 V) 



^av 



3.6 ms -2 ms 
(1 .4 ms)(2 V) + (0.2 ms)(7.5 V) + ^(0.2 ms)(0.5 V) 
1.6 ms 

2.8V + 1.5V + 0.05V _ 2719V 
1.6 
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13. Ignoring tilt and using 20 mV level to define t p 

t p = (2.8 div. - 1.2 div.)(2 ms/div.) = 3.2 ms 

T= (at 10 mV level) = (4.6 div. - 1 div.)(2 ms/div.) = 7.2 ms 

Duty cycle = x 1 00% = hl^. x 1 0 o% = 44.4% 
T 7.2 ms 



V. dV = (Duty cycle)(peak value) + (1 - Duty cycle)(Ffc) 
= (0.444)(30 mV) + (1 - 0.444)(10 mV) 
= 13.320 mV + 5.560 mV 
= 18.88 mV 

14. V m = (Duty cycle)(Peak value) + ( 1 - Duty cycle)( V h ) 

t 

Duty cycle = (decimal form) 

= (^!)^ = { ,35 
20 jus 



V av = (0.35)(20 mV) + (1 - 0.35)(0) 
= 7 mV + 0 
= 7mV 



15. Using methods of Section 13.8: 



Ax = b x h x = [(0.2 div.)(50 ^s/div.)]^ div.)(0.2 V/div.)] = 4 /usV 
A 2 = b 2 h 2 = [(0.2 div.)(50 ^s/div.)][(2.2 div.)(0.2 V/div.)] = 4.4 usV 
Ai = bih 3 = [(0.2 div.)(50^s/div.)][(1.4 div.)(0.2 V/div.)] = 2.8 /usV 
A 4 = b 4 h 4 = [(0.2 div.)(50 ^s/div.)][(l div.)(0.2 V/div.)] = 2.0 jusV 
A 5 = b 5 h 5 = [(0.2 div.)(50 /<s/div.)][(0.4 div.)(0.2 V/div.)] = 0.8 jusV 

= (4 + 4.4 + 2.8 + 2.0 + 0.8)^ mV 
120 //s 

1 6. Using the defined polarity of Fig. 24.57 for u c , Pi = -5 V, V f = +20 V 
and x = tfC = (10 kQ)(0.02 juF) = 0.2 ms 

a. Vc^Vi + iVf-Vdd-e-" 1 ) 

= -5 + (20-(-5))(l - e -' l02ms ) 
= -5 + 25(1 - e -' /0 - 2ms ) 
= -5 +25 _25^ /a2ms 
u c = 20 V-25 V^ /0 - 2ms 
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b. 



20 




0 


— 1 




-5 


5x 







d. 



It=0 

E - Vc 20V-[20V-25Ve^ /02ms ] 



ic 



R 



lOkQ 



2.5 mAe 



-1/0.2 ms 




17. v c =V i + (V f -V i )(\-e-' /RC ) 
= 8 + (4-8)(l - e -' /20ms ) 
= 8-4(1 - e -" 20ms ) 



8 - 4 + 4e 



■t/20 ms 



= 4 + 4 e -" 20 ms 
u c = 4V(l+^ /20ms ) 



T = 7?C=(2kfi)(10//F) 
= 20 ms 



18. Fj = 10 V, V f =2 V,x = RC=(l kn)(1000//F)= 1 s 
i)c= + F,)(l -e-' /T ) 

= 10 V + (2 V- 10 V)(l -e*) 

= 10-8(1-0 

= 10-8 + 8e~' 
v c = 2 V+ 8 \e* 




19. F,= 10V,/, = 0A 



+ 

10 v: 



1 k£2 



+ 

2 V 



J 



'c 



-—8 mA 



— h ► 

5x = 5 s t 



Using the defined direction of z'c 
. -(10V-2V) , t 

if — e 

lkfi 

x = RC=(l kfi)(1000 = 1 s 
8V 



lkfi 
and z'c = -8mAe~' 
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20. x = RC = (5 kQ)(0.04 juF) = 0.2 ms (throughout) 



v c = E(l -e tT ) = 20\(l-e 
(Starting at t = 0 for each plot) 



-f/0.2 ms 



) 



1 



7-1 = 

/ 500 Hz 

— = 1 ms 



5x = 1 ms 



2 ms 



Atu(V) 



20- 



D c =£e M) - 2ms 




1 



1 



/ 100 Hz 

-= 5 ms 



-= 10 ms 



5x = 1 ms 



20 



u,(V) 




T 
2 



2 ' 



T= — = 



1 1 



/ 5Hz 
0.1 ms 



5x = 1 ms = 10 



0.2 ms 



f t\ 



rc (V) 




21 . The mathematical expression for i c is the same for each frequency! 
x = RC = (5 kQ)(0.04 /xF) = 0.2 ms 



and = 20V -//oj™ = 4 - 
5kQ 



b. 



T= 



i r 

= 2 ms, — = 1 ms 

500 Hz 2 

5x = 5(0.2 ms) = 1 ms = 



1 T 

= 1 0 ms, — = 5 ms 

100 Hz 2 



5x = 1 ms 



1 



T= 



1 T 

= 0.2 ms, — = 0.1 ms 

5000 Hz 2 



5x = 1 ms = 10 



f'C 



4 mA 



T 
2 



4 mA 



0 J\ 

2 




2 ' 









4 mA 








i 

V 1 


qui^k charge 


0 


I 





. charging capacitor 



T *T 



discharging capacitor 
i c reversed 
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22. x = 0.2 ms as above 
1 



T = 



-= 2 ms 



T_ 
~2 



500 Hz 

T 

5t = 1 ms = — 
2 

|: D C = 20 V(l -e m2ms ) 
- T: Vi = 20 V, Vf= -20 V 

= 20 + (-20 - 20)(1 -<? 
= 20-40(1 - e ^ /02ms ) 
= 20-40 + 40<?~' /0 ' 2ms 
u c = -20 V+ 40 Vg-' /0 - 2ms 



■t/0.2 ms\ 



p c (V) 




J -> -r : K, • = -20 V, F>= +20 V 
2 ' 

i)c=Fi + (F / -Fi)(l-^ /T ) 

= -20 + (20 - (-20))(1 -e~' /T ) 

= -20 + 40(1 -<?~' /x ) 

= -20 + 40 - 40<?~' /x 



u c = 20 V-40 Ve 



-t/0.2 ms 



23. u c =f; + (f / -f;xi-^ /rc ) 

Vj = 20 V, F/= 20 V 
u c = 20 + (20-20)(l -e t,RC ) 

= 20 V(for0-> -) 



For 



r, u, ■ = 0 V and v c = 20 Ve 



-t/r 



x=RC = Q2 ms 



ForT-> -T,Vi = 20 V 
2 



u c = 20 V(l-tT' /T ) 



For -r->27>, = 0 V 



r r 

with — = 1 ms and 5x = — 
2 2 



20 V 
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24. x = RC= 0.2 ms 








T 

5x = 1 ms = — 
2 


20 






Fi = -10 V, F/ = +20 V 


//0 


-10 J 1 


f ' 



25. 



uc= V t + (V/- v,yi-e*) 

= -10 + (20 - (-10))(1 -e tk ) 
= -10 + 30(1 - e-' h ) 
= -10 + 30 - 30e~' /T 
v c = +20 V - 30 \e 

1 1 



T 



->T. 



-t/0.2 ms 



2k fC 2;r(10kHz)(3pF) 
(9 MQ Z0°)(5.3 1MQZ- 90°) 
9MQ-y5.31MQ 



5.31 MQ 

= 4.573 MQ Z-59.5° 



C T = 18pF + 9pF = 27 pF 

x c = 1 



Z,= 



2nfC T 2^(10 kHz)(27pF) 
(1 MQ Z0°)(0.589 MQ Z - 90°) 



■= 0.589 MQ 



= 0.507 MQ Z-59.5° 



V = 

* scope 



lMQ-y0.589MQ 
Z/V, (0.507MQZ-59.5°)(100VZ0°) 



V t = 20 V, V f = 0 V 
v c = 20 \e~ 



-f/0.2 ms 



Z s + Z P (0.257 MQ - yO.437 MQ) + (2.324 MQ - y'3.939 MQ) 

50 7xl0 6 VZ-59 5° 1 

, = 10VZ0° = — (100 VZ0°) 

5.07xl0 6 Z-59.5° 10 



0 7 = 0 7 =-59.5° 



26. 



1 _ 1 

«C (10 5 rad/s)(3pF) 
(9MQZ0°)(3.333MQ) 



9MQ-y3.333MQ 
1 1 



Z,= 



coC (10 5 rad/s)(27pF) 
(1 MQ Z0°)(0.370 MQ Z - 90°) 



3.333 MQ 
= 3.126 MQ Z-69.68° 
= 0.370 MQ 



!MQ-y0.370MQ 



= 0.347 MQ Z-69.68° 
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ZsWj = (0-347 MQ Z - 69.68°)(100 V Z0°) 

Z, + Z P (0. 121 MQ - y0.325 MQ) + (1.086 MQ - y'2.93 1 MQ) 

= 34.70 xlQ 6 VZ-69.68° 
3.470 xl0 6 Z- 69.68° 

= 10 VZ0° = — (100 VZ0°) 
10 
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1. 


I: 


a. 


no 


b. 


no 




c. 


yes 




d. 


no 


e 




II: 


a. 


yes 


b. 


yes 




c. 


yes 




d. 


yes 


e 




III: 


a. 


yes 


b. 


yes 




c. 


no 




d. 


yes 


e 




IV: 


a. 


no 


b. 


no 




c. 


yes 




d. 


yes 


e 


2. 


b. 


i 


n \ 3 


cos(2co? 


-90°)- 


2 
15 


cos(4co? 


-90°) 4 


2 
35 


cos(6co? 


-90°) + ... 

) 





yes 
no 
yes 
yes 



c. 



2I m I m _2I a 



n 2 
21 



n 



x- n - 

4 



1-- + - cos(2cd?-90°)-— cos(4cd?-90°) + — cos(6co? - 90°) + . 
4 3 15 35 



/ 

/ 

i 


_>-90* 

&\ 

r y \ 


0 





/ x (-) 






w 


0 


1 ^ . 

' ' A 

V 1 



-21, 



K 



+ - cos(2rat - 90°) 
4 3 



2 2 
— cos(4cot-90°)+ — cos(6cot-90°) + 
15 35 



3. a. v = -4 + 2 sin a 




b. u = (sin a) 2 





■ d \> = (sin a) 2 

M 




i 

i 

" -1- 


s 


/ 

/ 

/ 

1 

/ 
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c. 



i = 2 - 2 cos a 
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6. 



F av = 100 V 



^=J (1 00V)' + (50V)2 + (25V)i = 107^V 



b. L = 3 A 



/,^J(3A)' + (2A)2+ i a8A>2 =3.36A 



7. ». r. ff =J (20V) ' +( ' SV)2+( '° V)2 -19.04V 



fe ^J(6A)' + (2A)' + (lA)^ 453A 



Pr = Ko/ 0 + VJi cos 6>i 



JV„ cos e„ 



(100V)(3A) + (5 ° V f A )cos53° + (25V f 8A) cos 70° 

300 + (50)(0.6018) + (10)(0.3420) 
333.52 W 



_ (20V)(6A) 0ftO , (15VX2A) ... (10V)(1A) 

P = — — - cos 20 + — — - cos 30 + — — - cos 6( 

2 2 2 

= 60(0.9397) + 15(0.866) + 5(0.5) 

= 71.87 W 



10. 



DC: E= 18 V,7 0 = — =***X = 1.5 A 
R 12Q 

co = 400 rad/s: X L = coL = (400 rad/s)(0.02 H) = 8 Q 
Z = 12 Q. +jS Q. = 14.42 D. Z33.69° 
E 30V/V2Z0 0 2.08 A 



I 



Z 14.42 QZ33.69° 4l 



Z-33.69° 



. , , nr( 2.08 

i= 1.5 + V2 - 



sin(400?- 33.69°) 



1 = 1.5 + 2.08 sin(400f - 33.69°) 



b. 7 eff = J(1.5A) Z + 



2 , (2.08 A)^ 



= 2.10 A 
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DC: v R = E=\SV, \ R - 



2.08 A 
24.96 V 

4i 



Z-33.69° 
Z-33.69° 



(12QZ0°) 



= 18+4^6" 
I V2 



sin(400?- 33.69°) 



u* = 18 + 24.96 sin(400f - 33.69°) 



DC: Kt = 0V 
co = 400 rad/s: 



2.08 A 
16.64A 



Z-33.69° 
Z56.31° 



(8 Q Z90°) 



ml = 0 + 16.64 sin(400f + 56.31°) 



- (16.64 V) 2 



11.77 V 



g. P= llf { R = (2.101 A) 12 Q = 52.97 W 



24 V 

11. a. DC: / DC = = 2 A 

12Q 

co = 400 rad/s: 

Z = 12 n + y(400 rad/s)(0.02 H) = 12 Q +y8 Q = 14.422 Q Z33.69° 
30VZ0° 



1 = 



2.08 A Z-33.69° (peak values) 



14.422 QZ33.69° 
co = 800 rad/s: 

Z = 12 Q + _/(800 rad/s)(0.02 H) = 12 Q + jl6 Q = 20 Q Z53.13° 
10VZ0° 

1= — =0.5 A Z-53.13° (peak values) 

20QZ53.13 0 

i = 2 + 2.08 sin(400f - 33.69°) + 0.5 sin(800f - 53.13°) 



b. 



/.^,(2A)' + (2 -° 8A)i+(ft5A2) = 2. 5 lA 



v R = iR = i(l2D.) 

= 24 + 24.96 sin(400f - 33.69°) + 6 sin(800f - 53.13°) 



n.= J(24V)^< 24 - 96V > i + ' 6V >'^0.09V 
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e. DC: V L = OW 

(D = 400 rad/s: \ L = (2.08 A Z-33.69°)(8 Q Z90°) 

= 16.64 VZ56.31° 
(D = 800 rad/s: \ L = (0.5 A Z-53.13°)(16 Q Z90°) 

= 8 VZ36.87° 
i)£ = 0 + 16.64 sin(400f + 56.31°) + 8 sin(800f + 36.87°) 



£ ^=J(0)^" 6 - 64V » 2+ < 8V » 2 =13.06V 



g. P T = ll s R = (2.508 A) 12 Q = 75.48 W 

12. a. DC: /= -^^ = -5A 

12Q 

co = 300 rad/s: X L = coL = (300 rad/s)(0.02 H) = 6 D. 
Z = 12 Q +yl6 Q = 13.42 Q Z26.57° 
E = (0.707)(20 V) Z0° = 14.14 V Z0° 

E 14.14VZ0 0 

I = — = : — = 1 .054 A Z-26.57° 

Z 13.42 QZ26.57° 

eo = 600 rad/s: X L = coL = (600 rad/s)(0.02 H) = 12 Q 

Z = 12 Q +j\2 a = 16.97 D. Z45° 

E = -(0.707)(10 V) Z0° = -7.07 V Z0° 

I= E = _ 7.07VZ0° = _ 0417AZ ^ 5O 
Z 16.97 QZ45° 
i = -5 + (1.414)(1.054)sin(300< - 26.57°) - (1.414)(0.417)sin(600f - 45°) 
i = -5 + 1.49 sin(300f - 26.57°) - 0.59 sin(600f - 45°) 



b. / J ^(io^ + <^) 2 ;< 059A »^io. 



06 A 



c. DC: V=IR = (-5 A)(12Q) = -60V 

co = 300 rad/s: \ R = (1.054 A Z-26.57°)(12 Q Z0°) 

= 12.648 V Z-26.57° 
co = 600 rad/s: V R = (-0.417 A Z-45°)(12 Q Z0°) 
= -5 V Z-45° 

v R = -60 + (1.414)(12.648)sin(300f - 26.57°) - (1.414)(5)sin(600? - 45°) 
v R = -60 + 17.88 sin(300f - 26.57°) - 7.07 sin(600f - 45°) 



d. V ReS = J(60 V) 2 + (17.88V) 2 + (7.07V) 2 = ^ y 
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DC: V L = 0 V 

co = 300 rad/s: \ L = (1.054 A Z-26.57°)(6 Q Z90°) = 6.324 V Z63.43° 
co = 600 rad/s: V £ = (-0.417 A Z-45°)(6 D. Z90°) = -2.502 V Z45° 
v L = 0 + (1.414)(6.324)sin(300* + 63.43°) - (1.414)(2.502)sin(600< + 45°) 
v L = 8.94 sin(300f + 63.43°) - 3.54 sin(600f + 45°) 



V 



(8.94 V) 2 + (3.54 V) 2 



Lett 



6.8 V 



P = iltfR = (10.06 A) 12 n = 1214.44 W 



13. a. 



DC: 7=0A 

co = 400 rad/s: 



Xr 



1 



1 



20 Q. 



oo C (400 rad/s)(125//F) 
Z= 15Q-y20Q = 25fiZ-53.13° 
E = (0.707)(30 V) Z0° = 21.21 V Z0° 
E 21.21VZ0 0 



I 

Z 25QZ-53.13° 
i = 0 + (1.414)(0.848)sin(400f + 53.13°) 
z = 1.2 sin(400f+ 53.13°) 



= 0.848 AZ53.13° 



(1 2 A) 2 

7 e ff = J— — = 0.85 A as above 

V 2 



DC: V R = 0V 

co = 400 rad/s: V R = (0.848 A Z53.13°)(15 Q Z0°) = 12.72 V Z53.13° 
rj^ = 0 + (1.414)(12.72)sin(400? + 53.13°) 
v R = 18 sin(400f + 53.13°) 



(18V) 2 



fletf 



12.73 V 



DC: F C =18V 

co = 400 rad/s: V c = (0.848 A Z53. 13°)(20 Q Z-90°) 
= 16.96 VZ-36.87° 
v c = 18 + (1.414)(16.96)sin(400f - 36.87°) 
v c = 18 + 23.98 sin(400f - 36.87°) 



f. Fcd =.(l8V) 



2 , (23.98 V) z 



= 24.73 V 



P = llft R = (0-848 A) 2 15 Q = 10.79 W 
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200 400 „ 400 

14. a. e = h cos2co? cos4co? 

n In \5n 

= 63.69 + 42.46 sin(2co? + 90°) - 8.49 sin(4co? + 90°) 

co = 377 rad/s: 

e = 63.69 + 42.46 sin(754? + 90°) - 8.49 sin(1508? + 90°) 
DC: X L = 0 V L = 0 V 

co = 754 rad/s: X c = — = = 1330 Q 

©C (754rad/s)(l//F) 

X L = coL = (754 rad/s)(0. 1 H) = 75.4 D. 

Z' = (1 kQ Z0°) || 75.4 D. Z90° = 75.19 D. Z85.69° 

E = (0.707)(42.46 V) Z90° = 30.02 V Z90° 

v _ Z'(E) _ (75.19nZ85.69°)(30.02VZ90°) _ 1 799v ^ 915?0 
° Z' + Z c 75.19QZ85.69° + 1330QZ-90° 

co = 1508 rad/s: X c = — = = 6631.13 Q 

coC (1508rad/s)(l//F) 

X L = (oL = (1508 rad/s)(0.1 H) = 150.8 Q 
Z' = (1 kQ Z0°) || 150.8 D. Z90° = 149.12 D. Z81.42° 
E = (0.707)(8.49 V) Z90° = 6 V Z90° 

Z'(E) _ (149.12 QZ81.42°)(6VZ90°) 



V 0 



Z' + Z c 149. 12 Q Z8 1 .42° + 663 1 . 1 3 Q Z - 90° 



= 1.73 VZ-101.1° 
d o = 0+ 1.414(1.799)sin(754?- 94.57°) - 1.414(1.73)sin(1508? - 101.1°) 
v 0 = 2.54 sin(754f - 94.57°) - 2.45 sin(1508f - 101.1°) 



(2.54 V) 2 + (2.45 V) 2 = ^ y 



c. P=^= (2 - 5 ° V ) 2 = 6.25mW 
R lkQ 

15. i = 0.318/ ffl + 0.500 I m sin co? -0.2127 m cos 2co? - 0.0424/ ffl cos 4co? + ... (/„ = 10mA) 
i = 3.18 x 10~ 3 + 5 x 10~ 3 sin co? -2.12 x 10~ 3 sin(2co? + 90°) 

- 0.424 x 10~ 3 sin(4co? + 90°) + . . . 
i = 3.18 x 1 0 3 + 5 x 10~ 3 sin co? -2.12 x 10~ 3 sin(2co? + 90°) 
DC: I 0 = 0 A, V 0 = 0 V 

co = 377 rad/s; X L = ©L = (377 rad/s)(1.2 mH) = 0.452 D. 

X c = — = -. \ = 13.26Q 

coC (377 rad/s) (200 //F) 

Z' = 200 D. -yl3.26 D. = 200.44 Q Z-3.79° 
I = (0.707X5 x 10~ 3 )A Z0° = 3.54 mA Z0° 

. (0.452QZ90°)(3.54mAZ0°) _ 

Z L +Z' y0.452 Q + 200 fi-yl 3.26 fi 
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V 0 = (7.98 nA Z93.66°)(200 Q Z0°) = 1.596 mV Z93.66° 
co = 754 rad/s: X L = coL = (754 rad/s)(1.2 mH) = 0.905 Q 

X c = — = = 6.63 Q 

©C (754rad/s)(200//F) 

Z' = 200Q-y6.63Q = 200.11 QZ-1.9° 
I = (0.707)(2.12 mA) Z90° = 1.5 mA Z90° 
^ = (0.905aZ90°X1.5mAZ90°) = 6 AZ181MJ 
Z L + Z' j0.905Q + 200Q-y6.63Q 

V 0 = (6.8 uA Z181.64°)(200 D. Z0°) = 1.36 mA Z181.64° 
v 0 = 0 + (1.414)(1.596 x 10~ 3 )sin(377? + 93.66°) 

-(1.414)(1.360 x 10~ 3 )sin(754? + 181.64°) 
v 0 = 2.26 x 10 -3 sin(377f + 93.66°) + 1.92 x 10" 3 sin(754^ + 1.64°) 

16. a. 60 + 70 sin co? + 20 sin(2o? + 90°) + 10 sin(3eo? + 60°) 

+20 + 30 sin co? - 20 sin(2co? + 90°) + 5 sin(3co? + 90°) 

DC: 60 + 20 = 80 

co: 70 + 30 = 100 => 100 sin co? 

2co: 0 

3co: 10 Z60° + 5Z90° = 5 + 78.66 +j5 = 5 + yl3.66 = 14.55 Z69.9° 
Sum = 80 + 100 sin o)t + 14.55 sin(3wf + 69.9°) 

b. 20 + 60 sin a + 10 sin(2a - 180°) + 5 sin(3a + 180°) 
-5 + 10 sin a + 0 - 4 sin(3a - 30°) 

DC: 20-5 = 15 
a: 60 + 10 = 70 ^70 sin a 
2a: 10sin(2a- 180°) 

3a: 5 Z180° - 4 Z-30° = -5 - [3.46 -j2] = -8.46 + J2 

= 8.69Z166.7° 

Sum = 15 + 70 sin a + 10 sin(2a - 180°) + 8.69 sin(3a + 166.7°) 

17. zV=?'i + ?2 

= 10 + 30 sin 20? - 0.5 sin(40?+ 90°) 

+20 + 4 sin(20? + 90°) + 0.5 sin(40?+ 30°) 
DC: 10 A + 20 A = 30 A 

co = 20 rad/s: 30 A Z0° + 4 A Z90° = 30 A +j4 A = 30.27 A Z7.59° 
co = 40 rad/s: -0.5 A Z90° + 0.5 A Z30° 

= -yO.5 A + 0.433 A + yO.25 A 

= 0.433 A -y'0.25 A = 0.5 A Z-30° 
i T = 30 + 30.27 sin(20f + 7.59°) + 0.5 sin(40f - 30°) 
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18. e = v>\ + x>2 

= 20 - 200 sin 600? + 1 00 sin( 1 200? + 90°) + 75 sin 1 800? 

-10+ 150sin(600? + 30°) +0 + 50 sin(1800? + 60°) 

DC: 20V-10V=10V 

co: 600rad/s: -200 V Z0° + 150 V Z30° = 102.66 V Z133.07 0 

co — 1200 rad/s: 100 sin(1200? + 90°) 

eo = 1800 rad/s: 75 V Z0° + 50 V Z60° = 108.97 V Z23.41° 

e = 10 + 102.66 sin(600f + 133.07°) + 100 sin(1200f + 90°) + 108.97 sin(1800f + 23.41°) 
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